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I SUMMARY 

At the present time heptachlor is classed as a Cate- 
gory A pesticide, that is, it is available on a permit 
only basis. Chlordane is classed as either Category B 
or C depending on formulation and thus is readily avail- 
able to agriculturalists or homeowners. Technical hepta- 
chlor contains, in addition to heptachlor, approximately 
22% X - chlordane and 5% nonachlor, both relatively 
persistent materials in soil. Technical chlordane 
contains, in addition to©<-,if- chlordane, and nona- 
chlor, 8-10% heptachlor. On the basis of a comparison 
of the composition of the 2 materials, it would appear 
illogical to severely restrict the use of one material, 
while at the same time allowing widespread use of the 
other. 

The major agricultural role of heptachlor or chlordane 
is for corn rootworm control. Heptachlor is effective at 
1/2 lb ai/acre, chlordane usually is used at 2 lbs ai/acre. 
From an environmental standpoint, heptachlor epoxide 
residue resulting from application of heptachlor or 
chlordane is our chief concern. Assuming 10% conversion 
of heptachlor to its epoxide, the heptachlor treatment 



would result in a residue of 0.037 ppm heptachlor epoxide 
(if calculated on the basis of a broadcast application 
incorporated into the top 3 inches of soil) . Chlordane 
at 2 lb ai/acre would result in a heptachlor epoxide 
residue of 0.02 ppm. Thus there is some advantage in 
using chlordane for corn rootworm control rather than 
heptachlor since this treatment will generate only 
1/2 the amount of heptachlor epoxide. In neither case is 
the residue considered significant. At the same time 
the use of chlordane rather than heptachlor will intro- 
duce approximately twice as much persistent )£ - chlordane 
into the soil as well as •< - chlordane. These components 
are persistent and are absorbed by some crops, but there 
is no evidence of biomagnification in milk and animal 
products. Data on other possible environmental effects 
are inadequate. On balance it would appear that there is 
no real environmental advantage to one material over the 
other insofar as rootworm control is concerned. 

The second major use of heptachlor and chlordane in 
Ontario is for white grub control by homeowners. Many 
of the points noted above apply in this situation as well. 
However, in the case of white grub control in lawns, the 
insecticide is usually applied in a fertilizer mix, 
followed by heavy watering. It is possible that small 



3 
amounts of the insecticide would be washed from lawns and 
enter storm sewers. Considering the evidence presented 
that heptachlor hydrolizes rapidly in water to hydroxy- 
chlordene, which is innocuous, it would appear that in 
this instance heptachlor could have a slight advantage 
over chlordane. 

The evidence submitted to the committee supports a 
conclusion that the current use pattern of chlordane 
in Ontario has not been associated with any harmful 
environmental effects or has produced significant 
residues in food or feeds. 

A comparison of the metabolism and behaviour of 
heptachlor and chlordane support a conclusion that 
heptachlor could be used in a similar manner without 
adverse effects. 
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II RECOMMENDATIONS 

1. That chlordane be retained for use with its present 
use pattern. 

2. That heptachlor be reclassified as an A category 
compound with exemptions to permit its use for con- 
trol of northern corn rootworm on corn and soil 
insects on nursery and forestry crops. 

3. That a research study be initiated to determine the 
significance of hydroxychlordene formation from 
heptachlor in the soil and turf in relation to Ontario 
climatic conditions. If hydroxychlordene is determined 
to be the major pathway of degradation of heptachlor, 
consideration should be given to utilizing this 
material in place of chlordane for white grub control 
by homeowners. 

4. That a research study be initiated to identify other 
pesticides that will provide effective control of 
white grubs with no potential for deleterious environ- 
mental effects. 

5. That the Provincial Pesticide Residue Testing Laboratory 
reinstate the milk survey in southwestern Ontario in 1973 
and include chlordane residues in their assessments. 



6. That laboratories monitoring pesticides in streams and 
lakes in Ontario include examination for chlordane 
residues in their assessments. 

7. That monitoring of birds of prey for pesticide bur- 
den in the Great Lakes area be continued and that 
the methods of analysis be such as to accurately 
discriminate among chlordane, heptachlor and related 
compounds. Such monitoring should be on an annual 
basis to permit early detection of any significant 
changes. 

8. That for category A and B compounds an effective 
procedure be developed by the Ontario Ministry of 
The Environment for the determination of pesticide 
use on a county by county basis and that this 
information be published. 
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III REVIEW OF HEPTACHLOR, CHLORDANE AND AG-CHLORDANE 

In 1969 the Provincial Government banned the use of 
3 common cyclodiene insecticides: aldrin, dieldrin, and 
heptachlor for all uses other than termite control by 
licensed exterminators. The use of technical chlordane, 
a related cyclodiene insecticide was not restricted. 
In 1971 the Pesticides Advisory Committee was requested 
to review the chlordane-heptachlor problem. Two questions 
were posed to the committee: 1) In the light of new 
information on the persistence of heptachlor in soil 
and water, was its banning justified; and 2) In the 
light of new information on the composition, behaviour, 
and persistance of technical chlordane in soil is 
continued use of this compound still justified? The 
Pesticides Advisory Committee agreed that the situation 
warranted review and a subcommittee was assigned this 
responsibility. The subcommittee arranged a symposium 
of invited experts in order to obtain the most up-to-date 
information. This symposium was held on November 15, 1972 
Submissions of the speakers are appended to this report 
(Appendices 1-13) . 



A) Federal Registrations and Use of Heptachlor and 
Chlordane in Ontario. 

1) Heptachlor 

At the Federal level, several uses of hepta- 
chlor were considered acceptable for registration as 
of January 1, 1971, i.e. for control of wireworms 
on wheat, oats, barley, and rye; corn rootworms and 
cutworms attacking corn; wireworms and cutworms 
attacking tobacco; white grubs, European chafer, 
chinch bugs, earwigs, and ants attacking lawns, turf, 
and golf courses; and control of the narcissus bulb 
fly. At the Provincial level, heptachlor was banned 
in 1969. Information presented by the Velcisol 
Corporation on heptachlor use is given in Appendix 7. 

2) Chlordane 

Acceptable claims for registration of tech- 
nical chlordane at the Federal level as of January 1, 
1971, were more extensive than those for heptachlor. 
Chlordane is registered on a wide variety of crops, 
lawns, turf, and nurseries for control of white grubs, wire- 
worms cutworms, European chafer, Japanese beetle, and white- 
fringed beetle. It is registered for corn rootworm 
control, for root weevils on strawberries and orna- 
mentals, for sod webworm on lawns, for earthworms on 
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golf courses, and for a variety of insect problems 
relating to flowers and bulbs. It is also registered 
for a wide variety of insect pests involving spot 
treatment in dwellings and non-food industrial plants; 
for spot treatment on outdoor surfaces of buildings 
for control of insects; and for soil treatment 
near building foundations for termite control. 

At the Provincial level there are several 
uses for chlordane, primarily for control of soil 
pests. Its major use is for control of the corn 
rootworm. Many entomologists in Ontario have mixed 
feelings concerning efforts to control this pest. 
Surveys have indicated that quite a large amount of 
the corn acreage does not need to be treated. The 
corn rootworm is a pest which can be controlled by 
cultural methods, i.e. crop rotation. The tendency 
in Ontario, partly for economic reasons, has been to 
encourage "continuous corn". In addition, the wide- 
spread use of persistent herbicides makes it impossible 
to rotate corn with herbicide-susceptible crops the 
following year. As a result, the corn rootworm is 
becoming established in the southwestern counties of 
the province. Prior to their being banned, aldrin and, 



to a lesser extent, heptachlor were the materials 
of choice for rootworm control. Since 1969, one 
material which has received extensive use is 
chlordane. Information from Statistics Canada 
for agricultural insecticides for the years 1968-70 
reflect (on a Canada-wide basis) the increased use 
of chlordane in the absence of aldrin (Table 1) . 
More specific information provided to this committee 
on a confidential basis by the Velsicol Corporation 
is given in Appendix 7. 
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Table 1. Sales of aldrin and chlordane 
1968-70 (Canada wide) . 



Year Aldrin (lbs) Chlordane (lbs) 



* * 

1968 183,057 22,613 

1969 127,034 39,058 

1970 40,919 100,524 



* Incomplete data due to confidentiality require- 
ments of the Statistics Act. 

Chlordane is preferred by many growers 
because of its low cost and low toxicity. How- 
ever, there is a possibility that the corn root- 
worm is becoming resistant to chlordane, as has 
occurred in the United States, and if this is the 
case, its use will decrease in the next few years. 
Several alternative organophosphorus and carbamate 
insecticides are registered and recommended for 
corn rootworm control in Ontario. However, they 
are more expensive and nearly all more toxic than 
chlordane . 

A second agricultural use of chlordane is 
for wireworm control. Wireworms are primarily 
pests following sod, but they can be pests following 
sod for up to 2 or 3 years. Chlordane is the most 
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effective material available at present for wire- 
worm control. Two other alternative insecticides are 
available. The use of chlordane for wireworm control 
in Ontario at present is very limited. Wireworm 
populations are low, and presumably will remain 
depressed until dieldrin and/or DDT residues in soil 
drop below bioactive levels. At that time popula- 
tions will begin to increase. There is some evidence 
that this is beginning to occur in Ontario. 

A third use of chlordane in Ontario, which 
involves both the homeowner and to a lesser extent 
agriculture and forestry, is for control of white 
grubs, Japanese beetle, and European chafer. At 
present the only recommendation for control of 
these pests is chlordane. The Velsicol Corporation 
has provided an estimate of the amount of chlordane 
sold in Ontario in 1972 primarily for homeowner use 
for white grub control {Appendix 7) . There is no 
safe , effective alternative insecticide which can be 
placed in the hands of the homeowner for white grub 
control in lawns . It was estimated that about 1500 
acres of potatoes are treated each year. It was also 
noted that sod farms are treated with chlordane where 
there is a grub problem. In addition, sod (or other 
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nursery stock) to be exported to the United States 
must have been treated with chlordane within 2 years 
of export. Another problem with nursery stock 
involves control of the black vine root weevil. 
Again chlordane is the only insecticide available 
for its control, although its efficacy is question- 
able. In addition to white grubs, the Japanese 
beetle has appeared as local infestations in isolated 
areas in Ontario. This extremely destructive pest 
of lawns, golf courses, etc., is controlled jointly 
by Federal and Provincial agencies any time an 
infestation is discovered. Chlordane is used at 
6 lb/acre. Over the last four years acreage treated 
has not been extensive. Use of chlordane in forestry 
in Ontario is limited to white grub control in 
nurseries and outplantings . Currently about 500 acres 
per year are being treated in outplantings in eastern 
Ontario for white grub control. Thus chlordane has a 
small, but crucial role in forestry in Ontario. 

Chlordane has had and still has extensive 
use in Ontario for structural extermination. Prior 
to the build-up of resistance it was used to control 
practically all structural pests, but it is now used 



13 

mainly to control termites, and to a lesser extent 
ants, sowbugs , millipedes and centipedes. The 
Ontario Pest Control Association feels that there is 
no adequate substitute available for termite control. 

3) AG-Chlordane 

AG-Chlordane (code no. HCS-3260) is a "cleaned 
up" chlordane comprising 98% alpha + gamma chlordane . 
At present it is undergoing extensive evaluation as an 
experimental soil insecticide. There are no regis- 
tered uses for this material in Canada. 

B) Composition of Heptachlor, Chlordane, and AG-Chlordane 

1) Heptachlor 

Heptachlor was originally isolated from 
technical chlordane. Chemically it is 1,4,5,6,7,8, 
8-heptachloro-3a ,4,7, 7a-tetrahydro-4 , 7-methanoindene . 
Technical heptachlor, i.e. the material available to 
the grower, comprises about 73% heptachlor, 21-22% 
y-chlordane, and approximately 5% nonachlor. 

2) Chlordane 

This material was first manufactured in 1946 
and the pure chemical compounds now called "chlordane" 
in the chemical sense, were the first substances isolated 
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from it. So it became known as chlordane. It was 
originally thought that the pure product was about 
90% chlordane. There was some disagreement as to 
the actual chlordane content and it was subsequently 
agreed that "technical chlordane" should be con- 
sidered to have 60-75% chlordane content. By the 
mid-60 1 s it became apparent that even this conclusion 
was in error. The two compounds known as chlordane, 
i.e. a-chlordane and y-chlordane, comprise a minor- 
ity of the very complex mixture in technical 
chlordane. Heptachlor is also a component of 
technical chlordane. The four known insecticidal 
components of technical chlordane are heptachlor, 
a-chlordane, Y _cn l ordane ' an ^ nonachlor. Recent 
analyses on technical chlordane conducted by the 
Agriculture Canada Research Institute, London, 
indicate the following (Table 2) . 
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Table 2. Insecticidal components in technical chlordane. 



I 
I 



Insecticide 



Reference 
grade 



Emulsif iable 
concentrate 



y-chlordane 
a-chlordane 
heptachlor 
nonachlor 



10.5 
8.6 
8.5 



ND 1 ) 



!7.6 



11.6 

10.4 
9.4 
2,7 

34.1 



1) 



Not determined. 



3) A G- Chlordane 

Ag-chlordane has been prepared in small amounts 
for field evaluation. It consists of about 95% a-chlor- 
dane and y-chlordane in the ratio of 3:1 alpha rgamma. 
This experimental product also has a specification that 
it should not contain more than 1% heptachlor or nona- 
chlor. Recent analysis of reference grade AG-Chlordane 
by the Agriculture Canada Research Institute, London, 
indicate the following composition: a-chlordane, 68%; 
Y-chlordane, 29.7%; heptachlor, 1%; and nonachlor, 0.6% 
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C) Biological Activity and Fate of Heptachlor, Chlordane , 
a nd AG-Chlordane in Soil 

1) Heptachlor 

Heptachlor is probably the most effective soil 
insecticide ever available for agricultural use. Like 
all soil insecticides its behaviour is moderated by 
soil and climatic factors. Generally, it was recommended 
for control of a wide range of soil insects at rates 
of 0.5 to 1.5 lbs ai/acre, although some early 
recommendations were as high as 5.0 lbs ai/acre. It 
was introduced in Canada in the early 1950' s and by 
1959 the first indications of soil insect resistance 
began to appear. Between 1959 and 1967 a number of 
species of root maggots and cutworms developed a high 
level of resistance. At present the only major species 
of soil insects which are not resistant in Ontario to 
heptachlor are the corn rootworm, white grubs and 
wireworms. 

In soil, heptachlor itself is only moderately 
persistent. It volatilizes from soil and this is 
probably the major route of disappearance. However, a 
small amount of heptachlor is converted by microbial 
action to heptachlor epoxide. This compound is more 
persistent and is absorbed from soil by some crops. 
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In addition, technical heptachlor , as noted above 
contains about 22% y-chlordane. The latter can be 
classed as a highly residual insecticide. 

Heptachlor was banned in Ontario in 1969 on 
the basis of evidence that heptachlor epoxide was 
formed in soil and it was thought at that time that 
the epoxide was as persistent in soil as dieldrin. 
More recent evidence has indicated that the pathways 
of degradation of heptachlor in soil are much more 
complex. It has been determined that in water and to 
a lesser extent in soil the major pathway of degrada - 
tion of heptachlor is to an innocuous hydrophilic 
material, 1-hydroxychlordene , and that 1-hydroxychlordene 
will in turn degrade to 1-hydroxy, 2,3 epoxychlordene ■ 
A minor pathway of degradation is to another innocuous 
compound, chlordene, which in turn can be degraded 
to chlordene epoxide. Some heptachlor epoxide is also 
formed in soil but it has been shown that heptachlor 
epoxide is also metabolized to 1-hydroxychlordene. 
These results, first demonstrated in the laboratory at 
the Agriculture Canada Research Institute, London, Ontario, 
have been confirmed by field studies in the United 
States and the Maritimes. However, the field studies 
in the United States have indicated that the extent of 
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heptachlor conversion in soil to hydroxychlordene is 
dependent on rainfall. The greater the rain, the 
greater the conversion to hydroxychlordene. No field 
data has been accumulated in Ontario to determine the 
significance of the hydroxychlordene pathway of 
degradation under Ontario conditions. In water, con- 
version of heptachlor to hydroxychlordene is rapid and 
it would appear unlikely that heptachlor itself could 
be a serious water pollutant. The possibility does 
exist, however, that the small amounts of heptachlor 
epoxide or y-chlordane in soil resulting from the 
initial application of heptachlor would move by surface 
erosion into streams and rivers. Under these conditions, 
it is likely that heptachlor epoxide would be slowly 
converted to hydroxychlordene. However, some of the 
available epoxide would probably be picked up by aquatic 
organisms and passed up through the various trophic 
levels. The fate of ychlordane is not clear. There is 
limited evidence that it will bioraagnify in some 
aquatic organisms {molluscs) but not to as great an 
extent as heptachlor epoxide. 
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2} Chlordane 

In contrast to heptachlor, technical chlordane 
is only a moderately effective insecticide. Laboratory 
bioassay studies indicate that it is about 1/8 as 
toxic in soil as heptachlor. Consequently it has been 
used at higher rates of application of from 1-10 lbs 
ai/acre. As with heptachlor its behaviour in soil 
is moderated by soil and climatic factors. Recent 
studies have indicated that the majority of the 
insecticidal activity (60-80%) of technical chlordane 
is due to its approximately 8% heptachlor content . 

As would be expected, the persistence of bio- 
logical activity of chlordane in soil parallels that 
of heptachlor, i.e. it is only moderately persistent. 
However, some of the components of chlordane are 
highly residual in soil although below the bioactive 
level. Small amounts of the heptachlor component 
will be metabolized to the more persistent heptachlor 
epoxide. Laboratory studies have indicated that 
nonachlor, a-chlordane, and y-chlordane may be classed 
as highly persistent. The terminal residues of chlordane 
in soil are a-chlordane and y-chlordane . A comparison 
of the relative amounts of persistent residues in the 
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soil as a result of a broadcast application of 
heptachlor or chlordane for white grub control might 
be useful at this point in the discussion (Table 3) . 

Table 3. Estimated residues of persistent insecticides in soil as a 
result of heptachlor or chlordane treatments for white 
grub control. 





lb 


ai/ l) 
acre 








ppm 


ir 




soil 








Insecticide 


hepta- 
chlor 


hepta- 
chlor -•> 
epoxide 


cx-chlor- 
dane 


Y- 


-chlor- 
dane 


nona- 
chlor 


heptachlor 




J. 


5 


i . 


17 


0.12 




0. 


00 







.33 


0. 


08 


chlordane 




8 





0. 


75 


0.08 




0. 


83 







.93 


0. 


22 


AG -Chlordane 




e 





Q 


08 


< 0.01 




5. 


44 




2 


.38 


o . 


05 



Amounts required to obtain an equivalent degree of control. 
2 ' Estimating 10% conversion of heptachlor to heptachlor epoxide. 



3) AG -Chlordane 

Laboratory studies have indicated that, in terms of 
initial biological activity, AG-Chlordane is slightly less 
effective than technical chlordane. However, because of 
the preponderance of a-chlordane and y-chlordane in the 
product, it is much more persistent. The use of AG-Chlor- 
dane would reduce heptachlor and heptachlor epoxide 
residues in soil to a minimum, but high levels of persistent 
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a- and y-isomers would be added to the soil (Table 3) . 
Preliminary field studies in British Columbia and Ontario 
appear to confirm the laboratory findings that a-chlor- 
dane and y-chlordane are persistent in soil. 

D) Metabolism of Heptachlor, Chlordane, and AG-Chlordane in 
Plants and Animals 

1) Heptachlor 

As noted above, heptachlor epoxide is a minor, 
but significant degradation product of heptachlor in 
soil. Heptachlor epoxide is absorbed and translocated 
by some crops. The amount of absorption is dependent 
on the concentration of the residue in soil, soil and 
climatic factors. The major factor is soil type, 
specifically organic content of the soil. The higher 
the organic content, the less the absorption of the 
residue. In Ontario the highest residues of cyclodiene 
insecticides such as aldrin/dieldrin and heptachlor/ 
heptachlor epoxide are found in muck soils. In these 
soils the residues are so strongly tied up that little 
in the way of residues is found in crops. Problems 
which have arisen {mainly aldrin/dieldrin) have occurred 
in mineral soils. In the case of heptachlor /heptachlor 
epoxide, studies by the Provincial Pesticide Residue Testing 



I 
I 



22 

Laboratory and the Health Protection Branch of the 
Department of Health and Welfare have never indicated 
any serious problem in Ontario with residues of 
heptachlor/heptachlor epoxide in crops used for human 
consumption. 

Heptachlor epoxide is also absorbed under the 
conditions noted above by crops used for animal feed. 
Here the problem is potentially more serious since 
heptachlor epoxide, if ingested by animals, will likely 
occur at higher levels in the fat of those animals if 
uninterrupted feeding takes place, than the level of 
intake. In other words, it is an amplifier. Such 
amplification (an average of 5 times the level 
ingested) can lead to unacceptable levels of heptachlor 
epoxide in milk and animal products. Information 
obtained by the Health Protection Branch indicates 
that between October 1, 1969 and March 31, 1970 44 samples 
of dairy products were analyzed and 27 contained hepta- 
chlor epoxide (61%) at levels of 0.01-0.1 ppm. After 
the ban on the use of heptachlor of 56 samples taken 
between July 1, 1971 and December 1971, 12 contained 
heptachlor epoxide (21%) at levels of 0.01-0.06 ppm. 
Thus levels in dairy products appear to have dropped 
slightly. During the same period 31 samples of meat 
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products were analyzed of which 29 were negative. 
There was also little evidence of heptachlor epoxide 
in feed samples. Data obtained by the Provincial 
Pesticide Residue Testing Laboratory between 1967-69 
indicated that heptachlor epoxide was found in milk 
samples as follows: southern Ontario (along Lake 
Erie), 3.5%; western Ontario (along Lake Huron), 
10.7%,* central, eastern, and northern Ontario, 0%. 
Residues found in milk could be correlated with the 
use of heptachlor as a seed grain treatment and for 
maggot control in turnips. In 1970-71, no residues 
of heptachlor epoxide were found in the southern 
region although almost 100% of the samples contained 
dieldrin. Very low levels of heptachlor epoxide were 
found in meat and meat products in 1969-70 and have 
decreased since then. 

2) Chlordane 

Terminal residues of technical chlordane, i.e. 
heptachlor epoxide, a-chlordane and y-chlordane, are 
also absorbed by some crops at rates dependent on 
concentration, soil and climatic conditions. 
Heptachlor epoxide derived from soil applications of 
chlordane does not appear to be a problem. Numerous 
studies have indicated that heptachlor epoxide rarely 
exceeds 1% of the terminal residues. Chlordane residues 
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do not tend to biomagnify in mammals and the "Storage 
Concentration Ratio" does not exceed 1 and is generally 
< 1. Lipophilic metabolites found in animal fat are 
rapidly converted to hydrophilic metabolites which 
are excreted in the urine. Total diet studies in the 
United States and Canada have indicated that chlordane 
is not a significant dietary contaminant. 

3) A - hlordane 

Terminal residues of AG -Chlordane would be 
a-chlordane and y-chlordane. It is likely that 
higher residues of these compounds would be found in 
agricultural crops if AG -Chlordane was introduced 
for use. No significant biomagnif ication in mammals 
would be likely. 

E) Environmental Effects of Heptachlor and Chlordane 

1) Heptachlor 

In the soil ecosystem heptachlor/heptachlor 
epoxide have shown no significant effects on 
non-target soil microorganisms. However, their 
effects on beneficial non-target soil animals are 
more severe. They are moderately toxic to earth- 
worms. In addition earthworms absorb significant 
amounts of these materials, which can result in 
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deleterious effects on birds. As would be expected, 
heptachlor/heptachlor epoxide are toxic to a wide 
spectrum of soil arthropods and their use results in 
drastic reductions in populations of such beneficial 
insects as predatory beetles and collembola. Other 
insecticides, including many of the new organo- 
phosphorus and carbamate insecticides have similar 
deleterious effects on soil animal populations. 
However, to keep the situation in its proper 
perspective, it should be noted that research 
in Great Britain has established that normal 
cultivation has more drastic effects on non-target 
soil animals than normal applications of either 
aldrin/dieldrin or heptachlor/heptachlor epoxide. 
Studies conducted at the Provincial Pesticide 
Residue Testing Laboratory and the Agriculture 
Canada Research Institute, London, have indicated 
that agricultural soils in Ontario generally contain 
little or no heptachlor or heptachlor epoxide. How- 
ever, in locations with a history of heptachlor use, 
residues of y-chlordane are often detected. 

There is considerable evidence which indicates 
that heptachlor is highly toxic to birds. In areas 
of the United States where heptachlor was used on a 
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wide scale for eradication of the fire ant, bird popula- 
tions were reduced. It has also been demonstrated that seed- 
eating birds are affected by heptachlor-treated seed. In 
Ontario use of heptachlor in eradication programs was never 
adopted. Seed treatments were used for many years, but no 
serious effects were noted. Studies by the Provincial 
Pesticide Residue Testing Laboratory on samples of brain 
from birds indicated no significant heptachlor epoxide resi- 
dues with the exception of ring-necked pheasants collected in 
Lambton County which were less than 0.1 ppm. 

Studies conducted by the Provincial Pesti- 
cide Residue Testing Laboratory and the Agriculture Canada 
Research Institute, London, have indicated no significant 
levels of heptachlor or its epoxide in stream water or 
sediments. Studies conducted by the Canada Centre for Inland 
Waters, Burlington, in 1970 and 1971 indicated no signific- 
ant accumulation of heptachlor or its epoxide in water or 
sediments in Lakes Ontario, Erie or Huron. No significant 
levels of heptachlor epoxide were found in fish taken 
from streams or the Great Lakes. 

Considering this data, surprising results 
were obtained in a study conducted by the Canadian Wildlife 
Service which indicated significant residues of heptachlor 
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epoxide in newly-hatched chicks of several species of fish- 
eating birds collected from Lakes Ontario, Erie, and Huron. 
Residue levels were reported to be as high as 0.75 ppm. 
The information provided also indicated that residues of 
heptachlor epoxide increased in adult birds throughout the 
summer. In view of the fact that environmental levels of 
heptachlor epoxide are so low in Ontario, the data obtained 
by the Canadian Wildlife Service is unexpected. However, 
with the exception of one species of bird (herring gull) , 
the others are all migratory and pass the winter in the 
southern parts of the United States and around the Gulf of 
Mexico, where pesticide residue levels are known to be 
much higher. The migratory habits of the birds may explain, 
in part, this discrepancy. In addition, the possibility of 
analytical error must be considered. In addition to 
residues of "organochlorine insecticides", the birds also 
contained very high levels of PCB ' s (e.g. heptachlor epoxide 
0.3 ppm; PCB 316 ppm). It is well-known that analysis of 
heptachlor epoxide and some other organochlorine insecti- 
cides is very difficult in the presence of PCB ' s . Preliminary 
studies at the Agriculture Canada Research Institute, London, 
on collaborative samples provided by the Canadian Wildlife 
Service indicate that the amounts of heptachlor epoxide in 
the chicks may have been seriously overestimated. 
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2) Chlordane 

In the soil ecosystem the effects of chlordane are 
similar to those obtained with heptachlor. Chlordane has 
no significant effect on soil microorganisms but will 
affect non-target soil animals. It is toxic to earth- 
worms at high rates of application and is, in fact, 
registered for control of earthworms on golf courses. 
When used at higher rates of application its effects 
on non-target soil arthropods parallel those obtained 
with heptachlor. Data (pre-1970) obtained by the 
Agriculture Canada Research Institute, London, and 
the Provincial Pesticide Residue Testing Laboratory has 
not indicated any significant build-up of chlordane 
residues in agricultural soils in Ontario. However, it 
should be noted that the use of chlordane was limited 
(Table 1) until 1970 when it became a major replacement 
for aldrin and heptachlor. 

To date, none of the laboratories monitoring 
pesticide residues have detected significant levels of 
chlordane in water or sediments in streams, rivers, or 
the Great Lakes. Information on the environmental 
impact of chlordane is limited. Generally speaking, it 
would appear that it does not exhibit a propensity to 
magnify in the environment. 
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NUMBER 

T-66 



Pesticide 



MEMORANDUM 

Re: Heptachlor Uses Acceptable for Registration Under the Pest 
"Control" Products Act 



The uses of heptachlor that are acceptable for registration in Canada 
have been reevaluated in the light of current information and 
requirements. The attached summary lists those uses that are 
acceptable for registration as of January 1st, 1971. 

Labelling of currently registered products containing heptachlor 
must be revised to agree with the accepted uses, cautions and 
limitations set out in the attached summary. Revised draft 
labelling for products containing heptachlor must be submitted 
before registration can be granted for 1971. 

NOTE: The Minister of Agriculture may permit additional uses 
for specific situations where essential need has been 
demonstrated. 



JAS/pm 
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Replaces Memorandum T-22, dated December 8, 1967 



HEPTACHL OR 
Common Name : heptachlor 

Chemical Mama: l,i+,5,6,7,8,8-heptachloro-3a,lt,7,7a-tetrahydro-4, 
7-methanoindene 

Formulations: Du dust 

EC emulsifiable concentrate 

Gr granular 

Sn solution 

Guarant ee in te rms of: heptachlor 

Classification : insecticide 

PRECAUTIONARY LABELLING 

Hazardous Properties: Heptachlor is poisonous if swallowed, inhaled or absorbed 
through the skin. 

Symptoms of Poisoning: Nausea, vomiting, hyperirritability and convulsions. 

Precautions: Poison and "skull and crossbones" on concentrated formulations. Keep 
out of reach of children. Avoid akin contact, inhaling or swallowing. Keep in 
original container during storage. Destroy empty container. Handle and apply only 
as recommended and at recommended rates. Do not apply or allow to drift to areas 
occupied by unprotected humans, or beneficial animals, or food crops. Do not 
contaminate feed or foodstuffs. Do not store near feed or foodstuffs. Do not 
contaminate streams, lakes, ponds, irrigation water, water used by livestock or 
water used for domestic purposes. Wash thoroughly with soap and water after handling 
and before eating or smoking. If clothing contaminated, wash immediately and clean 
before re-use. During spray mixing and loading operations, wear clean synthetic 
gloves and a mask or respirator of a type suitable for heptachlor protection. 

First Aid: Call, a doctor in case of accident. If swallowed, cause vomiting by 
drinking salt water or by inserting finger in throat. For eyes, flush with water. 
If on skin, wash promptly with soap and water. 

Note to Physician: Treatment. The administration of barbiturates is beneficial. 
Avoid adrenaline or morphine. Oxygen may be indicated. 

Limitations : 

1. Do not make any soil applications for crops grown in a rotation which 
includes root ci ops likely to be used for animal feed. 

2. Do not graze or feed or sell for feeding to livestock any part of the 
treated crop, crop refuse or crop by-product. 

3. Do not use higher rates than listed. If adequate control is not obtained 
with there rates, use an alternative insecticide. 
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ACCEPTABLE CLAIMS FOR HEPTACHLOH FORMULATIONS FOR REGISTRATION 
UNDER THE PEST CONTROL PRODUCTS ACT 



ost or 
vocation 



Pest or Use 



wheat, oat a, 
barley, rye 



corn 



wlreworms 
corn rootwonn 



cutworms 



tobacco 



wlreworms 



cutworms 



I^.awns, turf, 
A olf courses 



white grubs, 
European chafer, 
chinch bugs, 
earwigs, ants 



Dosage Rate 
(active ingredient) 
and Formulations 



.5 oz. per bushel 
Du, Sn 

8 oz. per acre 

EC, Gr 



2^. oz. per acre 
EC, Gr 



2 oz. in W> 
gallons of water 
EC 



2k oz. per acre 

EC, Gr 



60 oz. per acre 

EC 



Directions for Use 



Seed treatment : Apply to 
thoroughly coat each seed. 

Soil treatment : Apply a six 
inch band in the seed row at 
planting. If these direc- 
tions are followed closely, 
all portions of the harvested 
plant may be fed to livestock. 
Do not graze dairy animals 
in the corn field after 
harvest. 
Limitations (l) (3) 

Soil treatment: For use as 
broadcast application to soil 
before planting. Disc into 
soil immediately. If these 
directions are followed 
closely, all portions of the 
harvested plant may be fed 
to livestock. Do not graze 
dairy animals in the corn 
field after harvest. 
Limitations (l) (3) 

Soil t reatment: Apply 
mixture as transplant water. 
Use 160 gallons of mixture 
per acre. 
Limitations (l) (3) 

Soil treatment : Apply spray 
to surface of soil before 
planting crop. 
Limitations (l) (3) 

Soil treatment : Apply in 
spring or when insects are 
first observed. For grubs, 
water into soil. 
Limitations (l) (2) (3) 
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Host or 
Location 



Pest or Use 



Dosage Rate 
(active ingredient) 
and Formulations 



Directions for Use 



narcissus 



narcissus 
bulb fly 



32 oz. in 100 
gallons of water 
EC 



Soak bulbs in mixture for 
ten minutes before planting 



60 oz. per acre 

EC 



Soil treatment : Use 18 
inch band application over 
the row at planting before 
covering with soil. 
Limitations (l) (3) 
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|» CANADA DEPARTMENT OF AGRICULTURE 

#',rti PRODUCTION AND MARKETING BRANCH 
fe^ 



PLANT PRODUCTS DIVISION 
MCTA» 



0ATE Ottawa, Ontario. 
September 9, 1970 



NUMBER 

T-63 



pesticide 



TRADE MEMORANDUM 
Re : C hlordane U3es Acceptable for Registration Under the Pe3t Control Products Act 

The uses of chlordane that are acceptable for registration in Canada have been 
reevaluated in the light of current information and requirements. The attached 
summary lists those uses that are acceptable for registration as of January 1st, 
1971. ' 

Labelling of currently registered products containing chlordane must be revised 
to agree with the accepted uses, cautions and limitations set out in the attached 
summary. Revised draft labelling for products containing chlordane must be 
submitted before registration can be granted for 1971. 

Note: At the discretion of the Minister of Agriculture and upon the advice of 

the Federal Interdepartmental Committee on Pesticides, uses other than those 

included in the summary may be allowed for public health or plant quarantine 
purposes where no suitable alternative is available. 



JAS/dm 



Replaces Memorandum T-30, dated May 27, 1968. 



CiriflKDAHK 

Common Hn me: chlardane 

£bgndcal_Najnei. l^S^^^^.G^-octachloro^a^^^a-tetrahydro-iV^-methanoindane 

Formulations : Du dust 

EC emulsifiable concentrate 

Gr granular 

PS pressurised spray 

Sn solution 

WF wettable powder 

Other Hames: octachlor, chlordane 

Guarantee in terms of: technical chlordana 

Classification: insecticide 

PRKCAUTIOU AItY L ABELLING 

Hazardou s Properties: Haiiuful if swallowed. Skin contact may cause toxic symptoms. 
Toxic to fish and wildlife. 

Precautions: Avoid breathing dust or spray miBt. Avoid skin contact. Wash with 
soap and water after using. Avoid contamination of food, feed, drinking water and 
utensils. Do not contaminate lakes, streams or ponds. Do not apply to livestock. 
Do not use on cats. Do not apply in dairy barns or poultry houses. Keep out of 
reach of children. 

First Aid: For skin contact, wash with soap and water. If in eyes, flush with 
plenty of water. If swallowed, induce vomiting. Get prompt medical attention. 

Note to Physician: The administration of barbiturates is beneficial. Avoid use 
of adrenaline and morphine. Oxygen may be indicated. 

Limitations ; 

1. Do not apply to green or spring onions. 

2. Do not apply more than once every four years, or more than once in a crop 

rotation cycle. 

3. For use in regulatory and control programs of the Plant Protection Division 
of the Canada Department of Agriculture. 
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ACCEPTABLE CLAIMS FOR CHLQRDANE FORMULATIONS FOR 
REGISTRATION UNDER THE PEST CONTROL PRODUCTS ACT 



Host or 
Location 



Pest or Use 



Dosage Rate 
(active ingredient) 
and Formulations 



Directions for Use 



beans, com, 

lettuce, onions, 

red beets, 

radishes, 

potatoes, 

sweet potatoes, 

broccoli, kale, 

brussels sprouts, 

cabbage, 

cauliflower, 

cucumbers, 

cantaloupe, 

tomatoes, 

strawberries 



wireworms, 
white grub 3, 
subterranean 
cutworms 



corn 



strawberries 



ornamentals, 
eh rubs, 
flowers, bulbs 



lawns 



greens on 
;olf courses 



I 



wireworms, 
white grubs 



corn rootworm 



strawberry 
root weevil 



root weevils 



lygus bugs, 
earwigs, ants, 
thrips, cutworms, 
caterpillars, 
armyworm, 
bulb flies 

f white grub 3, 
i wireworms, ants 



sod webworra 



earthworms 



5-10 lbs. per acre 

EC, Gr 



1-2 lbs. per acre 

EC, Gr 



1-2 lbs. per acre 
EG, Gr 



5-10 lbs. per acre 
EC, Gr 



5-10 lbs. per acre 
EC, Gr 



1-3 lbs. per acre 
Du, WP, EC 



5-10 lbs. ^per acre 
Du, WP, EC, Gr 



4-5 lbs. per acre 
Du, WP, EC, Gr 



8 oz. per 1000 
sq. ft, 

WP, EC 



Sojl treatment: Broadcast 
application to soil before 
planting. Work into top 
3-6 inches of soil. Use 
higher rates in heavy, muck 
soils only. 
Limitations (l) (2) 

S oil treatment; Band appli- 
cation 8 inches wide over 
t*ow at planting time placed 
one inch above seed and in 
front of preas wheel but not 
in contact, with seed. 
Limitations (l) (2) 



Soil treatment: Band 
application 7 inches wide 
over row at planting time. 

Soil treatment: Apply to 
soil before planting. Work 
into top 3-6 inches of soil. 

poil -tre atment _: Apply to 
soil and work into top 3-6 
inches before planting. 

Treat soil or foliage as 
required to control peots. 
Do not apply during bloom. 
For bulb flies, soak bulbs 
in 5% water solution before 
planting. 

S oil treatment^ Apply to 
soil. of lawns. Water intp 
soirl after treatment. 

Soil treatment: Apply to 
established grass only. Do 
not water into sell. 

Soi l treatmen t:. Apply to 
heavily infested areas of turf 
on golf greons. Water into 
soil where applied. Do not use 
this rate near streams, lakes oi 
pond .3. For application by 
experienced pest control 
operators only. 
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Host or 
Location 



Pest or Use 



nurseries, soil 
and turf 



European chafer, 
Japanese beetle, 
White-Fringed 

beetle 



«3c 4 l treatment 
near foundations 
of buildings 



subterranean 
termites 



Dosage Rate 
(active ingredient) 
and Formulations 

5-10 lba. per acre 
Gr 



Directions for Use 



spot treatment 


cockroaches, 


2-3# spray- 


in dwellings 


bedbugs, 


EC, Sn, PS 


and non-food 


fleas, earwigs, 




industrial 


silverfish, ants, 


5% dust 


plants 


carpet beetles, 
clothes moths, 
crickets, spiders, 
box elder bugs, 
gnats, mosquitoes, 
wasps, bees, 
stable flies, 
stored product 
insects such as 
confused flour 
beetle, larder 
beetle, saw- 


Du 




toothed grain 
beetle 




spot treatment 


mosquitoes, gnats, 


2% spray 


on outdoor 


wasps, bees, 


EC, Sn, PS 


surfaces of 


flying moths 




buildings 







5-10 lbs. in 100 
gallons of water 
EC 



Soil treatment: Apply to 
soil of nurseries or where 
turf is being grown. Water 
into soil after treatment. 
Apply to transportation 
sites \vhere turf is being 
shipped, 
limitation (3) 

Surface treatment: Use spot 
applications to surfaces and 
behind fixtures where infes- 
tations occur. For fleas 
spray or dust kennels 
and animal bedding. Do 
not apply to animals or 
plants. Remove all pets 
including fish from area 
before treating. Do not 
allow treatment to conta- 
minate food, feed, or uten- 
sils. Do not treat when 
industrial plants are in 
operation. Do not treat 
clothing, bedding or furni- 
ture. Do not apply to 
surfaces that may contact 
food. Never use as a spare 
spray. 

Surface treatment: Apply to 
limited areas near windows, 
doors and light fixtures 
outdoors on dwellings and 
other buildings. Do not 
apply to plants or animals. 
Never use as a space spray. 

Apply to treatment to soil 
at rate of one gallon per 
lineal foot of trench dug 
next to building foundations. 
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chlordane 

-"TOWELLING'S* 

brown dog tick 



2-3% solution Sn 
5% dust Du 



July /Aug/71 



LAWNS 
ants, European chafer, 
Japanese beetle, white 
grub, wireworm 



Apply as spot treatment to control infestations, 
Repeat if necessary. 



5-10 lb per acre Du EC 

Treat at anytime except when the ground is fror.^n 
Treat between late-July and mid-September for 
control of European chafer. Do not apply on 
newly seeded lawns. I f reseeding, wait one month 
alter treating soil. Against ants, dust on ant 
hills and repeat as necessary. After treatment, 
sprinkle the area thoroughly. Do not graze 
livestock on treated areas or use clippings as 
feed. 



chlordane 

« « — - -* • 

NON-FOOD INDUSTRIAL 
PLANTS AND DWELLINGS 
ants, bees, bedbugs, 
booklice , box-elder bug, 
brown dog tick, carpet 
beetle, centipede, 
clothes moth, cock- 
roach, cricket, ear- 
wig, fleas, gnats, 



February 7 , 1972 



2-3% solution Sn 

5% dust Du 

Apply as spot treatment to surfaces and behind 
fixtures when infestations occur. For fleas, 
sprayer dust kennels and animal bedding. Do not 
apply to animals or plants. Remove all pets in- 
cluding fish from area before treating. Do not 



millipedes, mosquito, 
silverfish, sowbug , 
spiders, spr ingtails , 
stable fly, stored- 
product Insects 
(i.e., confused flour 
beetle, larder beetle, 
saw-toothed grain beetle)^ 
and wasps 



allow treatment to contaminate food, feed, or 
utensils. Do not treat when industrial plants are 
In operation. For bedbugs, treat bed frames. Do 
not treat clothing, bedding or upholstered furniture. 
Do not apply to surfaces that may contact food. 
Never use as a space spray. 
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NEEDS FOR CHLORDANE-TYPE PESTICIDES 
IN SOIL INSECT CONTROL 

by 
F. L. McEwen 
November 15th, 1972 



Agricultural needs for chlordane-type pesticides are 
largely confined to soil pests of turf, lawn and sod areas, 
or, for agricultural uses in crop production in areas where 
sod has recently been broken. In the agricultural area, 
the problems are mostly related to three insect pests, 
namely: white grubs, wireworms , and the northern corn root- 
worm . 

White Grubs 

Chlordane is the only material recommended for control 
of white grubs in Ontario. It is recommended at the rate of 
5 lbs per acre and is used to a significant extent in potato 
production. Most white grubs have a life cycle that lasts 
about three years. The eggs are laid preferably in sod or grass 
areas and the larvae that hatch from these eggs will be feed- 
ing for the following two years. Thus if potatoes are planted 
on an area that has been in sod in either of the past two sea- 
sons, it is possible that a white grub problem may develop. 

Wireworms 

These are troublesome pests in a number of our agricul- 
tural crops. The adults known as click beetles are not es- 
pecially destructive but the insect has a long life cycle 
and depending on species, this cycle can be two to six years. 
The adults lay the eggs in sodded areas and problems with 
the larvae can be experienced up to several years after 
breaking this sod. Chlordane has been a recommended insecticide 
for control of wireworms and potatoes at a dosage rate of 51bs 
per acre. In this case, there are two other materials regis- 
tered for use. These are: fonofos and carbofuran. In 1972 
these insecticides were each recommended at dosage rates of 
5 lbs per acre. It is believed that the rate with carbofuran 
can be reduced and used as a band treatment at the rate of 
3 lbs per acre. This method of application for carbofuran 
will be the only one recommended in 1973. 



Northern Corn Rootworm 

By far the largest amount of chlordane used in agri- 
culture is used for the control of the northern corn root- 
worm. This insect is a pest of debatable significance in 
that infestations tend to be erratic in nature and difficult 
to predict. The insect is a pest of corn in the southwest 
part of the province, but it is only a pest where corn is 
grown after corn. This happens because the adult insect 
will lay its eggs only around corn plants and these eggs 
are laid in mid- to late summer; young larvae hatching 
the following Spring will then feed on corn replanted in 
the same area. It has been recommended in Ontario for 
many years that a rotation be used so that corn does not 
follow corn. When this is practised, no problem arises 
due to the northern corn rootworm. Grower practice, how- 
ever, has moved rather consistently toward a pattern of 
growing corn after corn. This is dictated by the general 
economics of corn production and the fact that the most 
effective and widely used herbicide in corn may cause 
some problems when other crops are grown in the corn 
rotation. This is due to persistence of the herbicide, 
especially during dry seasons to be phytotoxic to plants 
such as beans seeded there the following year. 

During the past two years resistance to chlordane on 
the northern corn rootworm has developed in some parts of 
the United States, and in Ontario there are reports of un- 
satisfactory control. It may be that chlordane will be 
phased out of northern corn rootworm control programs on 
the basis of decreasing efficacy of resistance develops 
further. There are a number of alternative materials that 
are recommended for control of the northern corn rootworm. 
These include: Bux, 4-8, and chlorf envinphos. Diazinon 
has also been recommended but is normally not considered 
as effective. 

The use of chlordane in northern corn rootworm control 
is a confined use. The method of treatment is normally to 
use a granular material which is placed in the seed furrow 
at planting time. Thus risk of contamination through air 
currents, etc., is largely minimized. In addition, the 
insecticide is placed in an area where it is not likely 
to be exposed to non-target organisms other than those 
resident in the soil. 

There are some uses of chlordane related to agriculture 
in a sense - the use in lawns, golf courses, etc., for con- 
trol of such pests as white grubs, European chafer, and 
Japanese beetle. Any of these pests can be extremely damag- 
ing if numbers are large in a sodded area. The Japanese 



beetle has been controlled through a systematic approach 
carried out jointly by the Federal and Provincial Agencies. 
In any area where the Japanese beetle is detected, it is 
now routine to make an application of chlordane at the rate 
of 6 lbs per acre. Over the past several years, a limited 
acreage has been treated almost each year. A thousand acres 
was the largest treatment any single year. The Japanese 
has appeared in a number of widely separated areas of the 
province during the past several years. It would appear 
that treatments to contain this pest have been successful, 
and with this history it is likely that they will be 
continued. 

The European chafer is present in many areas of New 

York State and is a constant threat to southern Ontario. 

Should infestations develop, chlordane would be the material 
of choice for use. 
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CHLORDANE USE BY THE MINISTRY OF NATURAL RESOURCES 

by 

K. B. Turner 
November 15th, 197 2 



Within the pest control program of the Ministry of 
Natural Resources, the use of chlordane at the present 
time is quite small. It is used only to control white 
grubs. There are two separate situations where white 

grubs may be a problem in nurseries, and in field 

outplantings of areas being reforested. 

In the ten nurseries which are currently in production, 
white grubs are a potential problem on a total potential 
annual acreage of 200, that is, the acreage seeded each 
year. However, experience shows that grubs are a 
significant problem only in those nurseries located in 
certain agricultural areas, and currently we are treating 
with chlordane only about 50 acres annually. The recent 
trend toward more rototilling of beds prior to planting 
has also reduced the grub problem. 

While white grubs present a continuing but relatively small 
maintenance problem in three or four nurseries, a larger 
problem exists in the reforestation program where the 
rehabilitation of abandoned farm land is involved. In most 
instances these farms have a heavy sod cover, and grubs can 
be a very significant problem. The problem was particularly 
severe about ten years ago, and in many areas plantations 
were doomed to failure in the absence of chlordane treat- 
ment at time of planting. However, in recent years the 
grub problem has dropped off very noticeably, with the 
result that only about 500 acres of reforested land is treated 
annually, and most of this acreage is in southeastern Ontario 
(Leeds and Grenville counties) where the soil is shallow over 
limestone. The current trend in field treatments is away from 
liquid formulation and toward granular material. A few granules 
are placed in the hole as each tree is planted. Total dosage 
rate is 4-5 lbs ai/acre. Treatments are not routine but are 
based on evidence of grub problem as revealed by the presence 
of significant numbers of June beetles the Spring prior to 
planting. Because of the geographic overlap in the three 
basic broods of white grubs in Ontario, and in the overlap 



of development of individuals within populations, it is 
becoming very difficult to plan control operations on the 
basis of the traditional three-year life cycle. 

Although grub populations are low at present, the insect 
is cyclical and will undoubtedly return in infestation 
proportions in future. Under such conditions chlordane or 
similar material is vital in being able to protect trees 
during the first, second or third crucial years after 
planting. One treatment at planting-time is sufficient? 
an important point because retreatment is exceedingly 
difficult and expensive. 
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CHLORDANE USE IN THE NURSERY BUSINESS 

by 

K. Laver 
November 15th, 1972 



One of the main uses of chlordane in this area has to 
do with the production of sod on sod farms. In Ontario, 
we have large sod farms of an average size of approxi- 
mately 500 acres. Where a white grub problem exists, it 
is necessary to treat and growers are pretty much 
restricted to the use of chlordane. 

In a broader context, the nurseryman is faced with a 
problem in order to export nursery stock or any material 
with earth attached to the roots. In order that we may 
export products with soil attached into the United States, 
it must be certified that an application of a pesticide 
has been used for the control of certain soil pests. 
Aldrin, dieldrin and heptachlor were previously used for 
this purpose, but with the banning of these materials in 
Ontario, the material available now is chlordane. Previously, 
an application rate of 10 lbs per acre of chlordane was 
required to export. This rate has now been reduced to 
5 lbs. Chlordane is the only material that will be 
accepted as adequate treatment for nursery stock for 
export and it must be certified that the application has 
been made at a specific rate within two years of export. 



Nurserymen are in general agreement that chlordane is 
not as effective as were the materials: aldrin and dieldrin, 
There is also concern that when the amount of dieldrin 
in the soil from previous applications has been reduced 
through degradation, new problems with soil pests in the 
nursery may appear. Such insects as white grubs and the 
black vine root weevil may present problems. 
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Ontario PEST CONTROL association 

~A NON-PROFIT ORGANIZATION 




PESTCOfaTROl 



November 28, 1972 

Mr. Keith Laver 

Chairman 

Pesticides Advisory Conanittee 

5th Floor, Mowatt Block 

Queen's Park 

Toronto, Ontario 

Dear Sir: 

I wish to thank the Committee for the opportunity of presenting 
the position of our Association on Chlordane and Heptachlor. 

As I stated at the meeting, it is our position that all pesticides 
and herbicides should be controlled to prevent abuse or over use, but that the 
benefits of all chemicals should be available to the people of Ontario under 
regulated conditions and being applied by experts. We have never felt that 
banning the use of any chemical was beneficial, but before any substance is 
used full research into its potential benefits and dangers to the environment 
must be carried out and only then released for use by professional applicators, 
licensed by the Province. 

As 1 stated, heptachlor has had very limited if any use in structural 
extermination Jn Ontario. Chlordane (technical) has had and still has an 
extensive use. Prior to the build up of resistance chlordane was used for the 
control of practically all structural pests but now it is used mainly for the 
control of termites and to a lesser degree the control of ants, sow bugs, milli- 
pedes and centipedes. It is also being used in a very limited way by some 
companies as a cheap method of servicing monthly accounts, particularly if no 
serious infestation is present. Our Association is not in accord with this 
latter practice and partly because of this are embarking on a complete review of 
our methods of service, with the aim of eliminating the unnecessary use of any 
pesticide. 

With reference to termite correction and prevention services it is 
our opinion that chlordane at present has no substitute. It is the least 
hazardous to the operator, and its effects are the most long lasting in protecting 
buildings against invasion by termites. As I stated tests in Mississippi have 
shown that the protection by chlordane applied more than twenty years ago are 
still giving 100% protection. This is due to a heavy dosage in a very limited 
area in and around a building and the fact that chlordane does not leach out of 
the soil but generally stays where we put It and thus presents little if any 
environmental effect. 
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Mr. Keith Laver 



In this following paragraph I will be expressing conclusions of 
myself and not of our Association, based on the presentations of the other 
speakers at the meeting and I ask your indulgence if I am out of line. 

I have concluded that Heptachlor has a definite benefit in 
agriculture but must be strictly controlled. I would suggest that it be 
used under permit and that a condition of the permit that a record of the 
dosage used on land be kept by the applicator. To prevent dangerous levels 
of residues in the soil I would suggest that the dosage of the first year on 
any land be reduced to one-half or even one-third on any successive appli- 
cation. This should ensure effective use and at the same time prevent a build- 
up in the soil of the more hazardous components of Heptachlor. 

On behalf of the Ontario Pest Control Association, I again wish 
to thank you for this opportunity. 




*sl* 



PHR:ds P. H. Richardson 

ONTARIO PEST CONTROL ASSOCIATION 
Executive Secretary 



copied for Dr. McEwen 
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COMMENTS BY DR. P. B. POLEfr (VELSICOL CHEMICAL CORPORATION ) 

TO 
ONTARIO PESTICIDES ADVISORY COMMITTEE MEETING , 
WED., NOV. 15, 1972, TORONTO, ONTARIO, CANADA 
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COMMENTS BY DR. P. B. POL EN (VELSICOL CHEMICAL CORPORATION ) 

TO 
ONTARIO PESTICIDES ADVISORY COMMITTEE MEETING , 
WED., NOV. 15, 1972, TORONTO, ONTARIO, CANADA 
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Composition of Chlordane, Heptachlor and AG Chlordane, and 
the History of Their Development 

Technical chlordane is a multicomponent organochlorine 
insecticide which was first developed in about 1946. It 
derived its name at that time from two components (o-- and 
Y-chlordanes — C 10 H 6 C *8^ wn ^- cn were first isolated from 
it. The name was chosen by joint agreement at a meeting 
in 1947 of representatives of two agencies of the United 
States Government (Department of Agriculture and Food & 
Drug Administration) and the two manufacturers (Velsicol 
Chemical Corporation and Julius Hyman & Company) . (At 
present Velsicol Chemical Corporation is the only commer- 
cial producer of technical chlordane.) At that time the 
product was considered to contain 60-75% of the chlordane 
isomers and was so labeled. As we now know, the pure 
molecular species called chlordane comprise less than one- 
third of the total composition of the technical product. 
Heptachlor (C^QH^Cly) i s a minor constituent of technical 
chlordane, and has been reported in the literature to com- 
prise between 5 and 9% of that product. Among other 
constituents of technical chlordane are four isomers of 
chlordene {CxqH^CI^) and nonachlor — also referred to as 
"enneachlor" (C 10 H 5 cl 9) . Technical chlordane consists of 
64-7% organochlorine and is standardized since about 1950, 
to conform to the biological, chemical and physical prop- 
erties of Reference Technical Chlordane. 

In reviewing technical chlordane, one should consider on 
the basis of its own properties . It would be misleading to 
characterize technical chlordane as having the properties 
of any one of its individual components, heptachlor for 
example, without giving due regard to its total composition 
and interaction of all of its constituents. Even more 
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misleading would be the attribution to technical chlordane 
of properties of one or two other members of the chlorin- 
ated hydrocarbon family which resemble it in formal rather 
than characterisitc ways. I shall endeavor to bring to- 
gether, in a nutshell, the observations from the literature 
which will assist you in making a valid evaluation- 
Technical chlordane is the only commercial chlordane now 
produced. An ex perimental product referred to as HCS-3260 
or AG Chlordane, has been distributed in small quantities 
for experimental evaluation. That product consists (95%) 
of two isomers of chlordane in the approximate ratio of 3:1 
(alpha :gamma) ; the heptachlor content does not exceed 1% 
and typically is below 0.5%. This product must at present 
be regarded as a new one requiring evaluation of efficacy 
and safety — as is now being done in supervised field 
trials throughout the world. At present velsicol supplies 
commercially only technical chlordane . 

Another related commercial product is technical heptachlor 
which typically consists of about 73% heptachlor, 22% y- 
chlordane (trans-isomer ) and 5% nonachlor. 



Metabolism of Chlordane, Heptachlor and AG Chlordane in 
Plants and Animals 

Under the aegis of the Commission on Terminal Pesticide 
Residues, International Union of Pure and Applied Chemistry 
(IUPAC) , a series of studies clarified the knowledge about 
terminal residues of chlordane. It was determined that <*- 
and v-chlordanes constitute the principal components of the 
terminal residues resulting from treatments of crops with 
technical chlordane. Even considering the presence of 
heptachlor as a constituent of technical chlordane, the 
Commission concluded that in general heptachlor and hepta- 
chlor epoxide were insignificant constituents, if present 
at all, in the terminal residues from treatments of tech- 
nical chlordane. Portions of the IUPAC Commission's Reports 
dealing with chlordane are collected and presented as 
Exhibit VI. 
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The terminal residues of AG Chlordane would also be the two 
principal isomers of chlordane. Heptachlor and nonachlor 
would, of course, be absent or negligible. 

Heptachlor, in the context of a minor component of technical 
chlordane, apparently reacts differently than is generally 
regarded as its behavior as the dominant constituent in 
technical heptachlor. The rapid conversion of heptachlor 
to the non-toxic 1-hydroxychlordene is illustrated in a 
study of the "aging" of residues of technical chlordane by 
Bevenue and Yeo [j. Chromatog., 42_, 45-52 (1969)] — see 
Exhibit I. In this study, gas chromatography was employed. 
It is an analytical technique which is capable of following 
the fate of the individual constituents. The preferential" 
conversion of heptachlor to 1-hydroxychlordene, rather than 
to heptachlor epoxide, is made very clear in this study. 
This helps to explain the absence (or insignificance) of 
heptachlor and heptachlor epoxide in the terminal residues 
resulting from technical chlordane treatments. Not only is 
1-hydroxychlordene less toxic than either heptachlor or its 
epoxide, but it is also less persistent and does not magnify 
in the food chain. 

The compound heptachlor, as it occurs from applications of 
technical heptachlor, converts on plants primarily to 1- 
hydroxychlordene through hydrolysis, but a minor proportion 
is converted to heptachlor epoxide. Heptachlor epoxide is — 
by comparison — more stable and may biomagnify and for these 
reasons engenders some concern in regard to toxicological 
potential and environmental impact. Heptachlor epoxide is 
also very readily detected analytically and has gained much 
more attention for this reason than other metabolites. 

The focus of concern, therefore, is heptachlor epoxide which 
may be formed in varying degrees from applications of either 
technical chlordane or heptachlor, depending upon the con- 
ditions. It should be Kept in mind, however, that the 
transformation of heptachlor to epoxide is a relatively 
minor pathway even for heptachlor in its concentrated form, 
and this transformation of heptachlor is generally of lesser 
importance as a result of application of technical chlordane. 
This conclusion is reinforced by hundreds of residue analyses 
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which we have performed on crops at harvest after growth in 
chlordane-treated soils where it was found that heptachlor 
epoxide rarely exceeds about 1%, if present at all, in the 
terminal residues. 

Technical chlordane does not exhibit a propensity to 
magnify in the environment, as a number of monitoring 
studies show. For example, see a review of the literature 
by Clive A. Edwards ["Persistent Pesticides in the Environ- 
ment", Critical Reviews in Environmental Control , 1^ (1), 7- 
67 (1970)]- Several tables have been excerpted from 
Edwards' article and are presented as Exhibit II. Your 
attention is drawn to the entries in the columns headed 
"Concentration factor" — an index of magnification. It is 
evident from the comparison of the values listed for chlor- 
dane, which are approximately unity, with those for other 
organochlorine compounds, which may reach 5- and 6-figure 
values, that chlordane shows little, if any, tendency for 
magnification in the environment. 

Chlordane does not tend to biomagnify in mammals. This may 
be seen in a study of animal metabolites of chlordane 
[Polen, frt al_. , Bulletin of Environmental Contamination & 
Toxicology, 5 (6), 521-523 (1970)] — Exhibit III. In this 
study it is observed that the "Storage Concentration Ratio" - 
similar to the "Concentration factor" discussed above as a 
measure of magnification — does not exceed about 1. when 
rats or dogs are fed chlordane virtually an entire lifetime; 
cattle or swine fed for shorter periods exhibits Storage 
Concentration Ratios of substantially less than 1 . This is 
consistent with a report of Boyd on a field study [Bulletin 
of Environmental Contamination & Toxicology, 5_ (4), 292-299 
(1970) ] — Exhibit V. Chlordane residues on alfalfa were 
compared with "(apparent) heptachlor epoxide" (probably 
largely oxychlordane) levels in milk and it was found that 
an average ingestion level of 3.549 parts per million chlor- 
dane in hay resulted in 0.551 ppm (average) of (apparent) 
heptachlor epoxide in the fat of milk. We calculate the 
"Concentration factor" to be 0.155, a value substantially 
below 1. and indicative of non-biomagnif ication . 

In addition to the lipophilic metabolites for chlordane 
cited above — metabolites found in the fat of animals — 
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chlordanc is largely and rapidly converted to hydrophilic 
metabolites which are readily excreted in the urine. Among 
the conversion products isolated are a chlorohydrin and a 
dihydroxy derivative of chlordane which result from replace- 
ment of one or two of the organochlorine atoms by hydroxyl 
groups. The ease with which these conversion products are 
excreted explains the non-biomagnif ication of chlordane. 

Schematic presentations of the pathways of transformation 
of chlordane and heptachlor are presented as Exhibit VII 
which are copies from the 1970 Evaluations of Some Pesticide 
Residues in Food: The Monographs, Report of the Joint 
Meeting of Food and Agriculture Organization (FAD) and 
World Health Organization (WHO) Pesticide Residue Experts 
meeting in Rome in November, 1970 (AGP: 1970/M/12/1) . 

Total diet studies in the United States provide additional 
insight as to the impact, if any, of use of chlordane (and 
heptachlor) . Chlordane is not a contaminant in the American 
diet. Its level of occurrence is too low to quantitate. 
This is reflected in the 2nd Annual Report of the President's 
Council on Environmental Quality (August, 1971), Table A-6 
of which is attached as Exhibit IV. Ten compounds are 
listed therein. These arc evaluated against the FAO/VJHO 
Index of Safety Known as Acceptable Daily Intake (ADI), that 
is "...the daily intake [of a chemical] which, during an 
entire lifetime, appears to be without appreciable risk on 
the basis of all the known facts of the time. For this 
purpose 'without appreciable risk' is taken to mean the 
practical certainty that injury will not result even after 
a lifetime of exposure..." Of the ten chemicals listed, 
eight are organochlorine compounds, one is a carbamate, and 
one an organophosphate. chl ordane is noteworthy by its 
absence . Even heptachlor, from all sources — the least of 
which is technical chlordane — occurs as a maximum of 10% 
of the ADI in the period of 1965-66; the trend has been 
downward to a level of 4% of the ADI in 1970. 

I understand that Canadian Total Diet Studies yield compar- 
able findings. 

After more than two decades of use, it has become apparent 
that both chlordane and heptachlor have their greatest 
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benefit to risk advantage when used as soil insecticides 
(except for foliar application of chlordane on cotton) . In 
agriculture, chlordane and heptachlor are applied to soil 
before planting and afford protection to crops from soil 
insects without significant hazard to the environment nor 
to humans. Both compounds are degraded under the influence 
of soil micro-flora and fauna at a rate corresponding to a 
half-life of about 1 year, a rate which provides good pest 
control at one application per season. 

Both compounds have also been used at much higher rates, 
applied locally, for termite control of structures. Because 
the rate of decline of activity is considerably slower at 
the high concentration levels applied for termite control, 
single applications have given protection in excess of 20 
years. Especially noteworthy is the fact that under both 
agricultural and termite-control conditions, neither chlor- 
dane nor heptachlor applied to soil is mobile. Hence, they 
afford protection to the area of application without in- 
vading the surrounding areas. This property minimizes 
environmentally adverse effects. 
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P. B. Polen's Comments Page 7 

11/15/72 



LIST OF EXHIBITS - (Continued) 



EXHIBIT IV - Council on Environmental Quality, 1971. 

Environmental Quality, Second Annual Report. 
(Table A-6, Page 248). 

EXHIBIT V - Boyd. J. C, 1970. Field Study of a Chlordane 
Residue Problem in Milk. Bull. Environ. 
Contam. Toxic, 5_ (4): 292-299. 

EXHIBIT VI - Reports of IUPAC Commission on Terminal 
Residues, Sections on Terminal Chlordane 
Residues: — 

(a) Egan, H., 1967. J. Assoc. Off. Anal. 

Chem. , 50 (5) : 1081-3. 

(b) Egan, H., 1968. Ibid ., 51 (2): 373. 

(c) Egan, H., 1969. Ibid . , 52 (2): 300. 

(d) Hill, K. f 1970. Ibid . , 53 (5): 991-2. 

(e) Hill, K., 1971. Ibid ., 54 (6): 1318-1322. 

EXHIBIT VII - Joint Meeting of Pesticide Residue Experts of 
FAO/WHO 1971. Excerpts on "Metabolism of 
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CAS CHROMATOGRAPHIC CHARACTERISTICS OF CHLORDANE 

|I. OP-SERVED COMPOSITIONAL CHANGES OF THE PESTICIDE IN 
AQUEOUS AND NONAQUEOUS ENVIRONMENTS' 

ARTHUR BEVEXUE 

Dtfarlmtnt cf Agricultural Btocnermiiry, Vmivrrtily of Hawaii, Honolulu, Hawaii (U.S.A.) 

CHEE YEE YEO 

department of Food Science and Technology. University of Hawaii. Honolulu, Hawaii (U.S.A.) 

{Received March lolh, 1969) 



SCUMARY 

Studies were made 011 the vaporization and ad-orptive properties of chlordane 
when ilic pe>tiride was exposed to water and organic solvent environments. Within 
thirty days of exposure to water, the heptachlor component of chlordane was com- 
pletely changed to i-hvdroxvchlnrdcne. Over a period of sixty days, water adsorbed 
increasing amounts ot vaporized chlonl.mc; theu-ciilnrdanc-, j'-chtordane and nona- 
chlor components of the pesticide were markedly >table. No apparent chemical 
changes in the pesticide were observed when it was expired to an isooctane environ- 
ment for an equivalent period of time: the more volatile components of chlordane 
were adsorbed to a greater degree in the organic solvent. 

Hexachlorocyclopcntadiene, a component of chlordane, dissipated orde:rraded. 
with time, in water solution. However, in an organic solvent environment, this chem- 
ical displayed multi-component characteristics. 

Cas chromatography was u^cd to observe the chances in the characteristics of 
the pesticide, with time, in aqueous and non-aqueous media. 



INTRODUCTION 

Data were acquired by gas chromatography on some of the apparent chemical 
changes and vaporization and adt-orption properties of the pesticide chlordane (a 
niixtureof octachloro-j,7-niethanotetrai!\'droindane and related compounds including 
rtexachloiocyclopontadienc) in organic solvent and aqueous media, which were con- 
sidered necessary prerequisites to a studv of the adsorptive effects of this chemical 
on stored foodstuits. Comparable data were also acquired on hexachlorocvclopenta- 
dicne which may exist in an amount as large as 1 ° in commercially available chlordane. 

" Published with the approval of the Director of the Hawaii Agricultural I'xpcrimenl 
Station. University of Hawaii ii Journal Scrie* No. toio. 

J, Caromalog .. ^^ (1069) 41-51 
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MATERIALS AND METHODS 

Cos chromatograph 

F & M Model Sio. electron capture detector; column >/i in- X 4 ft. borosilicatc 
glass containing 3% SE-30 silicone on Chromosorb \V, 80-100 mesh, acid-washed 
•and treated with dimethyldichlorosilane; column temperature 190°, injection temper- 
ature 200°, detector temperature 200 , argon-methane (90-10) carrier gas, flow rate 
75 ml/min; Leeds and Xorthrup Specdoinax H recorder, 1 mV full scale, chart speed 
*/, in. per 111 in. 

Reagents 

Hexane and isooctane, Mallinckrodt Nanograde. 

Pesticide chemicals 

Chlordane, technical grade; a-chlordane, y-chlordanc, heptachlor, hcptachlor 
epoxide (the foregoing chemicals supplied through the courtesy of the Velsicol Corp., 
Chicago, III), chlordene and nonachlor. i-Hydro.\ychlordene was supplied through 
the courtesy of Dr. II. C. Bowman, USDA, ARS, Til'ton, Ga 

Hexachlorocyctopentadiene (Aklrich Chemical Co,, Milwaukee, Wise). All of 
the pesticide chemicals were 99.4 to 99.8% purity with the exceptions of technical 
gTade chlordane and hexachlorocyclopentadicne. 

Experimental 

(a) A glass vial containing 50 mg technical grade chlordane was placed in eaclt 
of 15 8-oz. glass jars (60 mm diameter) which contained 20 ml isooctane; the vial 
extended above the solvent surface to permit only the vaporized components of the 
chlordane to contact the solvent. The jars were sealed with aluminum foil including a 
bleed hole to allow equilibration with the atmosphere. The jars were selected at 2-day 
intervals over a period of jo days for ana lysis, of the isooctane contents to determine 
the characteristics of the gas chromatographic curve of the vaporized chlordane 
component- adsorbed by the solvent. Another set of jars was prepared, replacing the 
isooctane with 20 ml distilled water, for similar analysis of the water for adsorbed 
chlordane vapors. 

(b) Two series of jars were prepared (one of isooctane and one of distilled water, 
20 ml of each solvent) as described in (a), but 0.5 mg hexachlorocyclopentadicne (Hex) 
was substituted for the chlordane component. The amount of Hex selected was 
considered to be relative to the maximum amount that was present in the technical 
chlordane 1 ^ed in (a). 

(c) Twenty milliliters of distilled water containing 1 p. p.m. (20 fig) technical 
grade chlordane was added to each of twelve 50-ml gh^s-stoppered erlenmeycr flasks 
and stored. Flasks were selected at 2-day intervals over a period of 3odays for chlordane 
analysis. The contents of the twelfth fh<k were analyzed after 60 days of storage. 

All of the samples were stored at room temperature (22-25 ) and a relative 
humidity of 6o-So%. No direct sunlight contacted the samples, and fluorescent light 
was the primary light source in the laboratory in which these experiments were con- 
ducted. 

Preparatory to gas chromatographic analysis, the chlordanc-isooctane solutions 

J. Chromatog, 42 (1969) 45-5 1 
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were transferred tu 50-ml volumetric flasks and made to volume with isooctane. The 
Hex-isooctane solutions were made to 100- ml volumes. The water solutions were 
extracted three times with hexane, theconibined hexane extracts were inhered through 
a plug of anhydrou, sodium sulfate directly into 50-ml volumetric flasks and made "to 
volume with hexane. Suitable aliquots were applied to the gas chromatograph and 
the recorded data were compared to data obtained from the technical chlordanc and 
related chemical standards. 

RESULTS AND DISCUSSION 

Technical grade chlordane, described by the manufacturer to be composed of 
a mixture of octachloro-4,7-:iiethanotctrahydroindane and related compounds with 
a maximum of 1% hcxachlurocyclopentadiene 1 , contains at least ten compon. 
including heptachlor and y- and a-chlordane (>ee Fig. 1, curve 1). Although chlordane 
is a complex mixture of chlorinated hydrocarbons, the product is surprisingly uniform 
in composition as determined by acceptable methods of qualitv control 3 . 

Gas chromatograph curves of chlordane have appeared only recently in the 
literature-. *-», which is not surprising considering the complex pattern of the chro- 
matographod materia]. Kmv.uuka rf ,?/.» presented a study of gas chromatograph 
retention times of some chlordane components but they did not include any illustrative 
curves. The number of characteristic gas chromatograph peaks of chlordane obtained 
by different workers have varied from seven 6 to fourteen-; such differences were due, 
no doubt, to variable gn- chromatograph techniques and not to any characteristic 
differences m the chlordane material used by each worker. In all instances, including 
the data reported herein, the predominant peak areas (Fig. 1, curve 1) were heptachlor 
(E), the peak pre< eding heptachlor (D), and y-chlordane and a-chlordane (J, K). 

Fig, 1 illustrates the adsorption pattern of vaporized technical chlordane exposed 
to isooctane for time periods of 2 to 30 days. The greater volatility of the heptachlor 
component (peak E) uf chlordane and the fractions that emerged from the gas chro- 
matograph column prior to heptachlor are readilv apparent, The gas chromatograph 
curve pattern of technical chlordane in isooctane solution was unchanged over a 
period of 30 days stored at room temperature (.20-25"-) with exposure to artificial light 
except that the more volatile components of the pesticide became magnified bv 
continued adsorption of these components by isooctane. This stability characteristic 
is in agreement with Birkeaxd Hoover 9 who noted that other chlorinated pesticides, 
including heptachlor and heptachlor epoxide, exhibited no characteristic changes in 
composition over a period ol'S month-- when isooctane solutions of the pesticides were 
stored under similar room conditions. 

The data obtained from isooctane solutions of the adsorbed vapors from Hex 
showed an unexpected gas chromatograph pattern After 24 h of exposure to iso- 
octane, the chromatographic characteristics of Hex were similar to the standard 
material obtained direct l\ from the reagent bottle (Fig. 2, curves 2.and 3). However, 
the curves 4, 5, and 6 (Fig. 2) for the solutions exposed 7 through 21 days showed a 
multiple-peak phenomena up to and including the D-peak area of technical chlnrdane : 
this latter peak area (D) has been described as the Diels-Alder adduct oi pentachloro- 
cyclopcntadieno and cyctopeutadiene 1 . The degree of purity of he.xachlorocycto|>enta- 
dicne was not determined . however, the source of tlris reagent (Aldrich Chemical Co.) 

/. Chromalog.. ^2 (1964) 45-51 
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Fig. I. Technical chli>rdanc vapors exposed to isooctanc. Curve I, 4 ng technical grade chlordano 
standard; curve 2, 2 days exposure; curve 3, 10 days exposure; curve- 4, :o day a exposure, curve 3, 
30 days exposure. 

Fig. 1 Itcxaciilorocy-clopcmadiene vapors exposed to isooctanc. Curve I. 4 rig technical yrade 
chlordane standard; curve 1, o. 1 nghcxachlorocyctopeutadieue standard: curve 3, 1 day exposure; 
curve 4, 7 days exposure; curve 5, 14 days exposure , cur\ u b, >i days exposure. 



indicates a purity range of 97-100%. Also, the method of manufacture of this chemical 
will largely determine the number of other chlorinated hydrocarbons that may 1><- 
present in the final product 10 . Some of the early peak? observed in isooctanc solution 
containing adsorbed technical chlordane vapors (Fig. 1) may be attributed to the 
Ilex fraction of the pesticide, as illustrated in Fig. 3 Fig. 4, curve 3 shows another 
comparison of the adsorbed Hex vapors with known standards of possible chlordane 
components (curve 2), and indicates that either chlordene, an intermediate product 
formed during the manufacture of clilotdanc". may be a constituent of the Hex pattern 
and/or the components shown in the early part of the r^rve may be more susceptible 
to atmospheric oxidation and/or %ht, as suggested by BROOKS and Hakkison's 
studies with clilordcno* 3 . The data suggest that any examination of foodstuffs (espe- 
cially those of low moisture content) which contain adsorbed chlordane residues would 
yield gas chromatograph data containing a multiple-peak picture prior to the L) area 
similar to curves 1 and 3, Fig. 3, instead of a pattern as in curve I, Fig. 3. 

The data obtained from di-stilled water Solutions containing adsorbed vapors 
of Hex was different from the comparable data for isooctanc solutions. After 3 days 
exposure, any adsorbed Hex components had disappeared completely from the water 
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Fig. 3. Curve 1. 4 ng technical i;rade chlordanc standard. Vapors exposed to isooctane for 14 days: 
tunc i, technical grade cliltmJ.ine; curve 3, hc.xjchlorocycluptnt.-idiene. 

Fik. \ Curve I, 4 ns technical cradc clilordanc standard. Curve ;. standards including possible 
thtordar.e components — the seven pinks reading from left Id nyht 011 the curve, nonaclilor. a- 
chlordare. ;»-chlordane, hcptachlor epoxide, i-hydro.xychlordene, ticptachlor. chlordene. Curve 3, 
hexachlorocyclopintadsenc vapors exposed to isooctane for 14 d.iys 

(Fig. 5), suggesting dissipation or decomposition of the chemical. K uvahara et at* 
noted that Hex decomposed rapidly upon exposure to light or during the period of 
analysis of the chemical by thin layer chromatography. 

Data obtained from distilled water Pain pies which had been exposed to the va- 
pors of technical clilordanc are illustrated in Fir. 6. The noncumutative effect of the 
more volatile components of the pesticide is consonant with the data obtained with 
Hex and water. Over a period c*f6o days, the water adsorbed increased amounts of the 
vaporized clilordanc with no change in the characteristics of the pas chromatograpli 
curves between the areas of peaks H and L, indicating a marked stability to water 
and light of the y-i hlordane, a-chlordanc, and nonachlor components of the pesticide. 
A tangible difference in the gas chroinatograph characteristics of the area of the curve 
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''- 5 llexachlorocyclopcntadicric vapors exposed to distilled water. Curve 1. i.otij; standard 
"Hution; curve 1, 1 day exposure: curve ). j (fays exposure; curve 4. 3 days exposure; curve 5, 
7 'lays exposure, curve 0, n days exposure. 
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Fig. 6. Technical crade chlordane vapor* etposed to distilled natcr. Curve i, technical sradt: 
chlordane standard, 4 lis; curve 1, 1 day exposure: etirve j, ydaes exposure: curve 4. ijiJiv- 
exposure: curve 5. M day* exposure: curvet). 30 Jays exposure: curve 7. 60 davs evpo-un-. 
curved, heptactdor vapor* exposed to di-tillcd water lor 14 days; curve 9, l-hydroxychlordiiiv 
(l p. p.m.) in water. 14 day* siorai;e. 

Fig. 7. Change* m characteristics of technical trade- chlordane. with time, stored at a eoncerur.i. 
tion of ippm m d:-tilled water. Curve 1. technical urade chlordane standard, t nc; curve :. 
heptachlor c]x.\iilc. I -hvdro.xychlordcne, heptachior standards, reading from left to n;!u. each 
o.ing; curve). 4 d.iys rtorasc; curve 4, ■ j days storage; curve 3. todays storage; curve u. 
30 days storage; curve 7. 60 days storage. 

between peaks D and C (Fig. 6) was apparent within 7 days of exposure and the chamit: 
was quite marked between the period of 21 days and 60 days of exposure. In addition 
to the heptachior component of the pesticide converting to i-hydroxychlordetiv, £j 
similar to an observation noted by Bowman ft ai. a * x% , the 1.) peak area charactcri-tic 
was tangibly changed. There was no ev i dence of the format ion <f heptachior epoxide. /j 
Cochkanl and Chal ''■ recommended the conversion of i-hydroxycldorden'c to u:- 
corresponding silyl etlier derivative to produce a more sensitive and sharper peak on 
their gas chromato^raph curves, this additional step, was not considered necessary 
(see Fig. 6, curve 9!. using the gas chrotnatograph conditions reported herein. 

The storage pattern of technical chlordane in water solution (1 p. p.m.) over a 
period of 60 days showed somewhat different gas chrotnatograph characterises 
(Fig. 7) than the water which was exposed to the vapors of chlordane. The gradual loss 
of the heptarhlor component (peak K) was more apparent, and almost complete loss 
of this component occurred after H> days of storage; loss was complete after 30 davs 
of storage. Changes ui the profile of peak G of the scries in Fig. 7 became quite marked 
after 16 days of storage because of the formation of i-hvdrowchlordenc which «as£j 

J.Chrowalvg.. 41 (1969) 45-52 
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TABLE I 

CHANGE IN CONCENTRATION Qt TECHNICAL CKLOIDaXE IN WATCH SOLUTION 



5i 



Age of 


Curve 


a/far* 








tclullJM 












(dayt) 


Peak 


Ptak 


Peak 


Total 


Peak 




H 


t J 


' KL 




G-OH 


t 


o.jo 


64 


0.63 


1. 49 


0.20 


4 


o.*3 


0.61 


64 


I.JO 


0.14 


6 


o.j6 


0.70 


0.69 


163 


0.30 


» 


0.23 


56 


0.60 


■39 


0.3a 


ID 


0.23 


0.70 


0.70 


1.65 


0.30 


U 


O.jO 


06} 


0.64 


1 59 


0.33 


M 


0C»7 


0.60 


0.60 


M7 


0.30 


>6 


o.*6 


ft.53 


JO 


I.14 


0.30 


«s 


on 


o.ji 


OS? 


« 43 


0,30 


:o 


0.28 


0.56 


55 


1-39 


0.30 


y 


0.27 


°-53 


053 


•■33 


30 


6o 


0.20 


o-43 


0.40 


1.0 j 


26 



" Area* of designated peaks of curves illustrated in He. 7. measured by planintct 
square inches. R.ich curie represents an original quantity iJt zero lime) of 2 ng technical c 
dane. 



or in 

'S technical clilor- 



practicatly superimposable on the component G of the original technical chlnrdane. 
Experience has shown that some evaporation loss may occur with glass-stoppered 
flasks, and the data in Fie;. 6 and Table I indicate some codistiLiation of the pesti- 
cide"- 1 *. However, in the area ot' peak G of the curve, this factor is not apparent. 
because of the i ncreased superitupn-uion of i-h\ droxychWdcr.e. \wth time, tint was ^* 
formed from the degraded hcpcachlor component . Supplemental norase studies ot* ^J 
t-hydroxvchloidene in water after i. 7 and 14 days indicated no chance in the pas >* 
chromatograph characteristics of the compound and there was no apparent los- of 
tills component bvcodi*tillatn»li. (11 this scno, al-o, no heptachlor epoxide was formed ^t 
during the storage period. ^ 




Kg. fl. CodistilUliort of technical grade chloruanc with water (sec Tabic I). 
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EXHIBIT II 



in Environ- 



cownjniATiOT cr arsian-s froi mra nro ktuktk »raT-»-ATr« 



31 ta 


RrfVrenM 


Or gam *s 


Insecticide 


Az:o 


int 


Concentration 


- 


In water 


In antaal* 


factor** 










(pp 10' 9 )« 


(pp io"V 




U.S.A. 


T^rrlere tt ad . 

1<*5 (.-"50) 


Aqull le 

invertebrates 


Toicaphene 


0.63 


1.U3 


2,270 


U.S.A. 


Butler 19>'>5 (3?) 


Sr.risp 


DDT 


0.5 


O.lU 


2,800 


U.S.A.' 


Cope Wb (t»o) 


Crayfish 


DDT 


20.0 


1.U7 


73 


U.S.A. 


Brid£«ji et al. 

i*>3 (?<•) 


Crayfish 


ddt 


20.0 


2.0 


100 


U.S.A. 


Cola «t al. 1967 
(U) 


Crayfish 


DDT 


2U.0 


2.32 


97 


U.S.A. 


U.S. D.I. 1963 (26?) 


Crayfish 


DDT 


20.0 


0.33 


16.5 


U.S.A. 


Hunt & Bischoff 

i960 (135) 


Plankton 


DDT 


20.0 


5.0 


250 


U.S.A. 


Keith 196 1 * (151) 


Plankton 


DDT 


0.3 


5.0 


16,666 


U.S.A. 


U.S. 0.1. 196* (263) 


Eastern oyster 


DDT 


10.0 


151.0 


15,100 






Eastern oyater 


CIXX 


1.0 


30.0 


30,000 






Eastern oyiter 


DLT 


0.1 


7.0 


70.CCO 






Pacific oyster 


DOT 


1.0 


20.0 


20,000 






Hand elu 


DDT 


1.0 


3.0- 
9.0 


3,000- 
9,000 


. 




Eastern oyster 


Dleldxin 


1.0 


3.5 


3,500 






Co=erclal shrterp 


ccr 


0.5 


O.lU 


250 






Sea (quirt 


DDT 


100.0 
10.0 


20.0 
10.0 


200 
1,000 






Sea squirt 


DDT 


0.1 


20.0 


200,000 






5e* squirt 


DDT 


0.01 


10.0 


1,000 ,ooo 






Sea hare 


DDT 


0.01 


1.73 


173,000 


, 




Crabi 


DDT 


50.0 


7.2 


1W» 






Snails 


CDT 


50.0 


7^.0 


l,fc3o 


U.S.A. 


Bug« et *J.. 1967 


Oyster* 


BHC 


0.33 


0.O06 


ia.2 




(29) 




DDT 


0.55 


0.033 


60.0 








Dleldrln 


o.w* 


0.006 


13.6 








Ijeptachlor 


0.55 


0.002 


3.6 


U.S.A. 


Oodill & Johnson 
1963 (103) 


Clams 


ror 


1.8 


0.CO5 


l.U 






Chlordano 


6.6 


O.OGtj 


0.9 






Enlrln 


10.5 


5.013"' 


1.2 


U.S.A. 


Looitnoff 1965 (177) 


Co=on dam 


LDT 


0.1 


7.0 


70,000 


U.S.A. 




Oyster 


Dleldrln 


1.0 


3.5 


3,500 


U.S.A. 


Butler 1966 (33) 


Hockei cuasel 


CDT 


1.0 


2U.0 


2U.0O0 






Eastern oyster 


baVf 


1.0 


26.0 


26.000 






Pacific oyster 


DOT 


1.0 


20.0 


20,000 






European oyster 


IZI 


i.o 


15.0 


15,000 






Crested oyster 


EET 


1.0 


23.0 


23,000 


— 


- 


Northern quaJ-.cgs 


CDT 


1.0 


6.0 


6,000 



• faf/LUre 

• •*/«« 

•• Conc.ntr.tion r lctar : concentration In antsal 

concentration In water 







TAH1.1-: 1.1 




■ 




Co«CDfnuri>N or « 


^hxjtj mqn 


WATTfl TQ TIV\ 




T 




^^ S 


Or*»nl •■ 


[ii»«cticlu> 


Amount 


'f_r£*.Mu» 


Concent rat lun 


Reference 






In Malvr 


In nuiTjkl 


factor •• 








(pp lO"*)* 


(pp 10" 6 )t 






RalnKov trout 


DDT 


-O.0 


U.15 


W 


Cop* 1966 (U6) 


Mltrk bullhead 


DDT 


.0.0 


3.11 


155 


** 


•InCNtll 


Hrptachlbr 


50.0 


15./ 


j**J 


" 


. Catflah 


Aldrln 4 
die.Urln 


o.ouu 


0.07 


1.590 


3p«rr at mX. 1966 (236) 


■ 


■ 


0.009 


0.0* 


fc.WA 


■ 


■ 


■ 


0.0.' 1 


0.02 


952 


" 


" 


■ 


0.00/ 


0.01 


1.1.28 


• 


Buffabflth 


■ 


0.0*' J 


0.09 


3.913 


* 


■ 


■ 


0.007 


0.21 


30,000 


" 


Staled aardlne 


DDT 


0.1 


0.11 


1,100 


ButUr 1965 (32) 


Rainbow trout 


Toaaphen* 


0."1 


7.72 


18,829 


Terrier* el a.1 . 
1965 (?50) 


rtin 


DDT 


0.30 


1.0 . 6," 


3.333 - 21.333 


Keith 196* (151) 


™ 


Endrln 


0.10 


7.0 


70,000 


Lar*;r 19&" (163) 


■ 


TOiaphene 


1.0 - W.O 


0.8 - 2.5 


2.000 - 2,500 


Kallzan et ad. 1962 (l'*9) 


(5 «pp.) 


DDT 


30 - «iO 


" - 58 


IJO - 1,1.50 


Cro:Her & WU.on 
1*5 (51) 


Bullhead trout 


DDT 


20 


2 - U 


100 - 200 


Bridge* et ai. 1963 (2>t) 


Fathead alnno'a 


Er.arln 


O.015 


0.15 


10,000 


Mount t Putnlikl 1966 
(193) 


Croaker* 


DDT 


0.1 


2.0 


20.000 


Hanaen 1966 (110) 


•mrun 


DDT 


1.0 


12.0 


12.0CO 


" 


■ 


DDT 


0.1 


t.o 


U0.000 


» 


riih 


DleldrU. 4 DDT 


10.0 


0.1 - 1.0 


10 - 100 


Balden * K*r»den 
1966 (131) 


Trout 


Dleldrln 


2.3 


7.7 


3,300 


Holien 1966 (130) 


clwb » />hA 


CDT 


5. a 


0,0 23 


5 


Codsii & Johnson 


4tV« - 










\ *'J\ (inil 


^»* 


Chlordar.e 


6.6 


o.oc-J 


1 ,2 






End r in 


10.5 


O.OjO 


*.7 


■* 


Trout 


DDT 


20.0 


t.O 


200.0 


U.3.D.I. 196J (262) 
U.S. D.I. 19b" Uti3) 


• Iu-hUIj 


Hrptaehlor 


50.0 


5ft. a 


1.130.0 


r.ih 


DDT 


0.015 


J2.W. 


829.300 


Hack et al . 1?6" (lBl) 




DDT 


0.11 


3.85 


35,000 


■ 


«hlt- catflah 


r:o 


1U.0 


}0.U - 129. C 


2,172 - 9,21" 


Hunt 4 Blachoff I960 (135) 


Lar,(«oogth r«ii 


CDD 


lfc.0 


19-7 - 25.0 


1.1.07 - 1,705 


" 


»ro»n IjUh.nd 


rco 


lu. 


15.5 - 2". 8 


l.ior - i,/;i 


" 


■ Hack cripple 


CDD 


lt.,0 


5."* - 115.0 


3t6 - 8,2l»i 


- 


l.urftU 


ceo • 


1U.0 


6.6 - 10.0 


itn - 71" 


■ 


3*f razento 


DCD 


ib.O 


10.9 - 17.6 


770" - 1,257 


" 


b.ackfuh 












Arook trout 


DDT 


2V.0 


17.3 


710.0 


Cole et al. 19*7 (bit) 



• nr/lli*r 

"• Concentration factor : Co^'"trat1on In anting 
Concentration in ws'-er 



TABLE 15 



jvwvztt . 9T_T*zr.rrTair.z rvm satl o* w*tt* nrpo fmn? 



Ineectlelde 



TOrapher.e 

ET 

DDT 

CTgario-cDlOTlnee 

Crgano- chlorines 

Organs- chlorlnee 

Or*;ar.o-cJUorlne» 

DDT 






CM oriane 



tS-.3rl 

DT-7 



CMordajie 



Lr.lrln 



Aldxin 

AJdrin 

Dleidrin 

Dleidrin 

Heptaehlor 

Keptochlor 

Aldnn & dleldrio 

Aldrln a. dleidrin 

Hep'.achior 

DleLdrln 

Aldrln 

Aldrin 

*J±rla 

Heptachlor 

Heptaehlor 

IDT 



Crop 



Aquatic plante 
Aquatic regcLatlOE 

Aquatic plant! 



Algae & noil 

, Algae 



Vajcular Plarm 



Carrot roots 



Rutabagas root* 
Wheat foliage 

Cucumber fruit 



Alfalfa, 

Caj-rot roota 
Potato tuber 
Carrot rooti 
Potato tuber 
Alfalfa foliage 



Source of 
insecticide 



Water 
Water 
Water 
Water 
Water 
Water 
Water 
Water 
Water 



Water 



Water 
Vn ter 

WV.T 



Ko tef 



Muck sell 
Clay toil 
Muck soli 
Clay toll 
Soil 



S»ed 
Sou 
Soil 
Soil 
Soil 
Soil 
Soil 
Soil 
Soil 
SoU 
SoU 
Soil 



treated 



p.-H-tfa 



Atourit In 
•ourc* 

(pp l0-9)» 





zoo 

zo 





c 



5 



»1 





l»5 

35 

23 

30 

33 

1 



"o - 



10.5 






(p? io- 6 ) f 



fa. 16 
0.1*5 
3-9 

o.i*a 

0.320 
5"<3.0 
1.3 
3.7 
3-8 
l.t 
0,64 
0.78 
0.9 1 * 

0.5r* 

0.1*9 
0.1*9 

1.39 



Aauunt In 
plant 

fnp 10" 6 ) f 



0, 

75. 
31, 

i 

l, 

0. 



21 





1 





30.3 
0.01 

o.ooz 



p.c: j 



0.007 

0.00 j_ 

0.003 



0.00V 



(pp io"V 



0.01 (root) 

0.01 " 

0.02 

0.11 

0.02U 

0.015 

o.oiu 

0.11J 
0.091 

0,01*3 

0,00? 

0.028 

O.jZ 

0.07 

0.36 

0.05 

0.113 



Concentration 
or dilution 
factor** 



512.0 
375.0 
1.550.0 
2,220.0 
3,171.0 
3,<*7B.Q 

100,000.0 
33.0 
0.31* 



TTT 



0.66" 

0.52 



0.1*5 



tttt 



0.0013 

0.021 
O.OCJl 

0.23 

0.075 

0.0.(6 
0.OO77 

O.031 
0.0?i* 

0.031 

G.GU 

0.036 

0.31* 

0.O7U 

0.73 

0.10 

0.08 



Reference 



Terrlere et el. 19&5 (Z5CJ 
Crocker & VUaon 1965 (5i) 
Bridge* et el. 1963 (2U) 
Keith 1966 (152) 



Meek et el. 196*. (181) 
Godiil 4, Jofcneon i960 (103) 



Kortlg k Harrle 1966 (lH) 



Saha L Stevu-t 1967 (232) 
ftjrrage it Sahe 1967 (30) 
Saha a. McDonald 1967 (231) 
Uentenetem 4 Schulr 1965 (17*,) 



Uchteoet*ln et el. 1968 (176) 



v«r* et el. 1966 (27%) 



EXHIBIT III 



Characterization of Oxvehlordane, 
Animal Metabolite of Chlordane* 

liy Percy K Poi.fn, Marm khitk Hester, and John Benziceh 

Resranh and Development Department 

Veltirol Chemical Corporation 

Ckirngo, Illinois 

Recognition that ct- and y-chlordane (CHL) comprise 
the principal terminal residues on plants treated with 
Technical CHL (l) prompted study of these isomers, the 
main components of Technical CHL -- as distinguished 
from the total composition. A surprising observation 
was made as a by-product of one toxieological study 
wherein massive doses of pure CHL isomers were fed to 
rats. It appeared from gas-liquid chromatographic 
analysis of the rat fat that heptachlor epoxide (HE) 
had been formed as a metabolite (2). The present 
study shows this conclusion to be an artifact resulting 
from the limitations of a widely used chromatographic 
column (DC-200) and that a heretofore unrecognized 
compound resulted from the metabolism of a - or y-CHL. 

Critical study disclosed means of distinguishing the 
newly recognized metabolite from HE and provided tools 
for study of a new aspect of CHL metabolism. 

A source of the metabolite for suitable isolation was 
found in the fat of pigs ingesting for 90 days diets 
fortified with massive doses (^00 ppm ) of individual 
CHL isomers (1), Pure metabolites isolated from feed- 
ing of either o- or v-CHL were compared and found to be 
identical by melting point, electron capture gas- 
liquid chromatography, thin-layer chromatography, 
Infrared and nuclear magnetic resonance spectroscopy 
and p-values. The metabolite, now called oxychlordane 
(OXY), C 10 H 4 Clf,0, appears to form from CHL in the 
reaction C 10 H 6 C1 8 + 2(0) > Ci o H 4 Cl R + H 2 0. 

OXY has also been synthesized J._n vit ro by oxidation of 
1,2-dichlorochlordene-S and through dTrect oxidation 
of the respective CHL isomers with chromic acid O). 

While the pure isolated metabolite from feeding sepa- 
rately two isomers of CHL and the synthetic compound 
are analytically equivalent, at least one of the in 
vivo isolates is optically active. Limited bio-aTsays 
with house flies may indicate that the synthetic 
compound is about double the potency of the isolates. 
This observation coupled with optical activity of one 
of the isolates indicates selective metabolism cf one 



♦Results of research suggested by Commission on 
Terminal Pesticide Residues, International Union of 
Pure and Applied Chemistry (IUPAC). 
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of the enantiomorphs by animals. Similar selective 
enantiomorphic enrichment has been reported in the 
metabolic of dieldrin in rabbits *) and microsomal 
conversion of other c.yclodiene-, (5). 

ANALYTICAL CHARACTERIZATION OF OXYCHLORPAaE ( OXY ) 

Melting Point. cv-isolate, 99 . h-100. 0° C .; V- isolate , 
^O^OlIo ' C. ; synthetic, 99- 0-101. 0" c. (all uacor- 
rected) . 

Elemental Analysis. Theory for C 10 H 4 ClaO: 28. 3U* 

f H D b VJ * CI, %1% 0. Found: V-isolate - 
:*:*£* 11, i.***, eeUk Cl, 3.66* 0, (by difference); 
a-- isolate - 66.8}$ Cl. 

n-rl ^r Magnetic Reson ance Spectra* (HMlQ. <*-, V- 
Holate, and synthetic 0X1 exhibited the same NMh 
.pectra .bowing a multiplet at 3.20 to 3.65 PP* <2H 
h!c-C-H); a singlet, 3.85 ppm (IHi epoxy); and aoublet, 
lk.30 to k.ko ppm (1H; H-C-C-H). 

Tnfrared Absorption ipeci rum (IR), . *-, v-isolates and 
.ffihe^c OXY exhibited identical infrared absorption 
spectra (Fig. l). 
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Figure 1. IR Spectrum of OXY in KBr Pellet 
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Optical Rotation. OXY isolated from V -CHL feeding of 
pigs, (o»V J + 4*-T deg. dec. -1 g. -1 ml.; ff -CKL feeding 
Isolate a8d synthetic product, no optical rotation 
observed. 

G as Liquid Chromatography f GLC ) . Some columns fairly 
videly used for GLC analysis of organochlorlne pesti- 
cides do not resolve OXY from HE. Clues to the pres- 
ence of OXY with HE are broader peaks and slight dis- 
crepancy of RT compared with pure HE standards. For 
example, on DC-200/Epon 1001 columns the broadened, un- 
resolved peaks for OXY-HE mixtures have retention time 
(RT) 0.92-0.98 relative to HE standards, depending on 
ratio of constituents. 

Good resolution into 2 peaks 1b observed with either 
EC or micro-coulometric detectors and 0V-17/QF-1 
(various ratios)' columns at l80°-225°C: RT for OXY 
relative to HE -- 0.87-0.90. ( RT for OXY relative to 
aldrin is 1.30-1.55),. The RT for OXY on a 4-foot, ?>*> 
QF-1, 80/100 mesh G»s Chrom 0. column at 165 with 
flame ionization detector Is 0.82 relative to HE. 

p-Values. Measured according to Beroza and Bowman (6 1, 
observed p-values are: In heptane/CH 3 CW, O.U-O.U9 for 
OXY 0.26-0.28 for HE; in heptane/85* aqueous dimethyl 
formamide, 0.70-0. 78 for OXY, O.U-0.55 for HE. 

Thin laye r Chromatography { TLC ) ■ Rf'a observed on EK 
106 u plates for M* heptane, s* f acetone solvent sys- 
tem are for OXY and HE respectively: Alumina 0.5 1 *, 
O.ltO; Silica Gel 0.41, 0.3U. 

Response to Acid and Alkali . Stable to acid. Ho ap- 
preciable change in GLC peak height upon 18 hour con- 
tact of a O.l^g. OXY per ml. n-heptane solution with 
K^SO* /fuming H 2 S0 4 (1:1). 

Unstable to alkali. No visible GLC peaks from direct 
pen-tane extract of reaction mixture: 20^ etbanolic 
KOH at 55°C. for }0 min.; Hr?0 added. Extraction of 
same mixture, after acidification with H 2 S0,t, yielded 
3 peaks at 7-5, 10.2, and 12.0 minutes. The RT for 
OXY under Identical conditions is k .7 minutes. 

Response to Chromogenlc Reagents . OXY treated with 
Tolen-Silverman (t, H) or Davldow (9) reagents produces 
yellow solutions, visually of the same hue as those 
from HE but lens intense. These reagents provide no 
self-revealing qualitative distinction between OXY and 
HE. 
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STORAGE OF OXY IN FAT OF MAMMALS 



Rats . White rats, vhich for one year Ingested diets 
fortified with either the a- or V -CHL Isomers of 50-50 
mixtures, formed and stored OXT in their fat at levels 
shown in Table 1. The ratio of OXY concentration 
found in fat to that of CHL consumed is given as 
Storage Concentration Ratio. 

To aid in assessing these observations it is interest, 

ing to note that the "no effect" level for CHL in rata 

is estimated to be 20 ppm in the diet, equivalent to 

1 rap; /kg /day (5 )• 

TABLE 1 

OXY Storage Levels in Fat of Rats* 
Fed One Year on Diets Dosed with 

Chlordane Isomers 



Isomer 


PPM in 
Diet (D^ 


OXY in Fat, 
PPM - (6 U * 


Storage 
Ratio, 


Cone. ' 


Control 





0.2 


-- 




a 

IT 
tf 
It 
f» 


5 
15 
15 

15 
U5 


8. 

7. 
13. 
12. 
22. 


1.6 
0.5 

0.9 

0.8 
o.k 




11 
II 


75 

75 

75 

150 


72. 
95- 

105. 
150. 


1.0 
1.2 
l.U 
1.0 




50-50 tt & y 

IT "" 


U5 
75 


55. 

75- 


1.1 

1 /-° 




*Both sexes i 


ncluded. Eac 


h line repres 


ents one 





individual, but identity of sex was not annotated. 

♦♦Calibrated against HE standard; not corrected 
for value observed for control. 

Dogs. Beagle dogs continually consuming diet spiked 
with Technical CHL stored, after two years, OXY at 
levels as shown in Table 2. The fat also gave chro- 
matographic responses related to other constituents 
of Technical CHL. 

The evaluation of these results may be aided by noting 
that the "no effect" level for CHL in dogs has been 
estimated to be 3.0 ppm in the diet, equivalent to 
0.075 mg/kg/day (5 )• 
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TABLE 2 

OXY Storage Levels in Fat of Dogs 

Fed 2 Tears on Diet Dosed with 

Technical Chlordane 



CHL Fed, 

ppn - - ( F ) 



3 ppm 

3 ppm 

30 ppm 



Sex 



M 

y 

M 



OXY in Fat, 

ppm -- (Q)» 



5.0 

3.7 
2h. 



Storage Cone. 

Ratio -- (9/F) 



1.0 
1.2 

0.8 



♦Analyses are made on fat of Individual animals. 

Pigs. Pigs administered high levels of CHL Isomers in 
their diets for 90 days provided an adequate source 
for isolating the metabolite. Six pigs were fed diets 
fortified at 300 ppm (equivalent to 3-9 mg/kg, decreas- 
ing as body weight increased) with individual CHL iso- 
mers. Ho visible gross side reactions were observed 
In any of the experimental subjects. Analyses of fat 
in animals sacrificed at 60 and 90 days are given in 
Table 3. The fat of these animals provided the source 
Tor isolation of pure metabolite (3) which was subse- 
quently determined to be OXY formed from both CHL 
iiomers . 

TABLE 5 

Residue Storage Levels in Fat of Pigs 
On Feed Dosed at 300 ppm with Chlordane Isomers 



Storage Cone 
Ratio 



Isomer 



Days 



Found in Fat, ppm 



OXY ( e 1 * 



cirr 

Fed 



Isomer 

(C) 



OXY 

(e/300) 



CHL 
(C/300) 



60 
90 

60 
90 



12. 

36. 

69. 
71. 



9- 
9. 



0,03 
0.12 

0.23 
0.2k 



0.027 
0.030 

0.030 
0.013 



^Calibrated against HE standard. 



Briefly, isolation of the metabolite resulted from 
•ucceaslve partitions between hexane and acetonitrile, 
&cid and chromatographic clean-up, and recrystalliza- 
tion from pentane. Experimental details and proposal 
°f structure for OXY are given elsewhere (3). 

Assuming 20$ fat in pigs, an estimate of the fraction 
°f ingested CHL isomers stored as residues is given in 
Table U. The magnitude is substantially in agreement 
*ith the findings of Korte (10) that CHL is largely 
dissipated in urine and feces as hydrophilic metabo- 
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lites; he estimated storage in fat of rabbits at about 
ki> of y-CHL (called rr-CHL in his nomenclature) consumed 
for 10 weeks. Our observations indicate that the for- 
mation and storage of metabolite is smaller for »- isomer 
than for y-CHL. 

TABLE k 

Propensity for Residue Storage 
As Percent of CHL Consumed (Pigs) 





90 Days, 500 ppm CHL in 


Diet 




Isomer 


CHL in Diet 
rag. 


Stored 
in Fat, mg. 


Stored, as % 
of CHL Fed 


OXY 


CHL 


OXY 


CHI 


Of 

X 


83,100 

82,200 


770 
1780 


190 
100 


0.9 
2.2 


0.2 

0.1 



Cows (Beef and Dairy) . To learn if OXY occurs in meat 
or milk as a result of feeding CHL at tolerance level 
proposed by FAO/WHO (11), k beef cattle and 12 dairy 
cattle were given feed dosed with pure chlordane iso- 
mers. Pure a-, y-CHL and 50-50 mixtures of both were 
fed at 0.1 ppm and O.J ppm for 30 days. 

No OXY was detected in milk from the dairy cattle 
(sensitivity 0.005 ppm) after 30 days of feeding at 
these rates. OXY was occasionally detected in omental 
and back fat of dairy cattle at levels up to 0.02 ppm. 
The maximum ratio of metabolite level in fat to level 
of CHL fed was 0.07; 67* of the observations resulted 
in a ratio at or below 0.03. Analysis of brain and 
liver tissues from the same animals showed no detect- 
able OXY. 

In beef cattle, OXY was detected in omental and back 
fat at levels up to 0.03 ppm, representing a maximum 
Storage Concentration Katlo of 0.10. Hone of the 
metabolite was detected in liver or brain of these 
animals. 

ABSENCE OF OXY IH PLANTS AND SOIL 

Thus far we have observed no evidence of occurrence of 
OXY in plants or in soil from supervised field trials 
with Technical CHL, even where substantial other 
residues are expected and detected. Fig. 2 is a gas 
ehromatogram (11* OV-17, QF-1 column) from residues 
on sugar beets. This is typieal of observations on 
22 samples of sugar beets, soybean stalks, flax straw 
and soil from either foliar or soil treatments at 
1-12 lb. per acre. 
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-ig' 2 . Chromatograms : Upper . Standards: H, hepta- 
chlor; C, E, minor constituents of Tech. CHL; 
0, OXY; HE, heptachlor epoxide; Ga , V -CHL; 
Al f a -CHL. Lover . Residue on sugar beets 
grown in soil treated with Tech. CHL, 12 lb/A. 

SUMMARY AND DISCUSSION 

^xychlordane, C 10 H 4 C1 8 0, (OXY) has been detected in and 
-solated from the fat of animals fed pure isomers of 
^hlordane (CHL). The propensity for storage is low. 
The ratio of storage level in fat to feeding level, an 
tr >dex of probability of amplification, is about 0.1 in 
* 30_day feeding of CHL and approaches roughly unity 
r °r chronic 2-year feeding of CHL. q>-CHL appears to 
-xhibit a somewhat smaller propensity of formation and 
•torage of OXY than does V -^HL. 

°XY has not been detected in plants or soil treated 
w Hh Technical CHL in supervised trials. 

* feeding levels corresponding to proposed intemation- 
y- tolerances, OXY is not detected in milk but may be 
r ''und in the fat of cattle at or below 0.03 ppm. 
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"ACCEPTABLE DAILY INTAKE 



"The acceptable daily intake of a chemical is the daily intake which, during an 

entire lifetime, appears to be without appreciable risk on the basis of all the known 
facts at the time. It is expressed in milligrams of the chemical per kilogram of body 
weight (mg/kg) . 

"Explanatory note 

"For this purpose 'without appreciable risk' is taken to mean the practical 

certainty that injury will not result even after a lifetime of exposure...." 



FAG/WHO 1969 Joint Meeting Report 
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EXHIBIT V 



Field Study of a Chlordane Residue Problem in Milk 

!.\ J. C. Ikmi 
Anitnal Sriohrf liwmrtnrt'nt, Vonimin Siati' University 



In tanuary, 1968, State regulatory officials found 
unacceptable levels of what they described as hepta- 
chlor epoxide in the nilk supply of the Gallatin Val | lV 

ontana. In the following months, almost one-third 
of the dairymen in this milk shed were restrained From 
soiling tr. ilk, approximately 1,500 head of cattle were 
quarantined and some cheese was seized and destroyed. 

The Sliest for 1 n f ormat ion 

Immediately following the issuance of the first 
restraining order, there were innumerable requests 
from dairymen for information. Questions asked most 
Frequently were: (l) how can the residue most quickly 
he eliminated from the milk, (2) where can hay and 
milk samples be analysed, (3) how reliable arc the 
test results, (4) what level of residue can be fed, 
(3) what about the soil and the next hay crop, 
(6) what is the relationship of residue in milk fat to 
the level in body fat, and (7) what methods ore avail- 
able for determining when quarantined animals are 
acceptable for slaughter? 



In addition, research personnel were puzzled about 
the level of heptachlor epoxide being reported in the 
milk when chlordane was the chemical used on the alfalfa 
f i e I ds , 

The Recommendation To Use Chlordane 

Chlordane had been recommended for use in the con- 
trol of adult alfalfa weevil by the state entomologist. 
It was approved for such use by the IJ, S, Department of 
Agriculture from 1950 to January 8, 1968 (2), under the 



Journal article No. 142 of the Montana State University 
Agricultural Experiment Station. 



Bulletin of Envirowiirntal CnalsmtMlioii & Toxicology, 

Vol. ">. No 4. 1^70, published Ij) SpriotFr-Vcrlag New ^ nrk. Inr. 



label which read in part, "make application in spring 
when the alfalfa is coming out of the ground and is 
a^out I to 12 inches tail. Do not apply during 
blooming period. Do not feed treated forage to^dairy 
animals or animals being finished for slaughter . 

This had been interpreted by the state entomolo- 
gist to mean application prior to the plant being Is 
inches tall did not constitute forage treatment {. I ) . 
The Pesticide Regulation Division of the U. S. 
department of Agriculture subsequently claimed this 
interpretation was incorrect (,3). 

Persistence Of The Residue In The Milk 

Claborn had shown In 1953 (4) that chlordane 
fa) accumulated slower, (h) never reached as high a 
concentration and (c) was depleted faster from the 
hody fat of animals than a I dr i n or dieldrm. 

Table I shows the depletion rate of "apparent" 
heptachlor epoxide from the milk of some commercial 
herds in Montana, following the placing of these 
herds on feed that had been tested and found to be 
free of chlordane residue. 

TABLE I 

Depletion Rate of (apparent) Heptachlor 
Epoxide from Milk (fat) Following 

Change to Hncon tarn J nated Hay 





1st 3 


ample 2nd S 


ample 3rd Sample 
PPM Date PPM 


R educ - 
t ion 


Pays 


Producer 


Date 


PPM Date 


No. 








In PPM 




I 


3-6 


0.42 3-26 


0. [6 


0.26 


20 


2 


3*8 


0.49 3-26 


0.42 4-3 0.28 


0.21 


26 


3 


2-20 


1.43 3-19 


0.59 4-3 0.43 


1.00 


43 


4 


2-26 


0.60 3-26 


0.29 


0.31 


29 


5 


3-7 


0.32 3-27 


0.28 


0.04 


20 


6 


2-26 


0.33 3-20 


0.25 


0.08 


23 


7 


2-20 


0.57 3-18 


0.25 


0.32 


26 



These data were taken from the report of the 
Montana regulatory agency (5) and show the results on 
the date samples were taken. More frequent sampling 
might have shortened the time required to reduce the 
residue to below the action level of 0.3 ppm m the 
milk fat. 
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However, most dairymen who followed the recommendation 
of feeding only those feeds known to he free of chlor- 
dane residue reduced the apparent heptachlor epoxide 
residue level of their milk (fat) to below the action 
level in 20 to 30 days. Where the initial level was 
relatively high (producer No, 3; a somewhat longer 
period was required. 

Reliability Of Laboratory Results 

Early in this situation the reliability of labora- 
tory results, all of which were made by gas-liquid 
chromatography without confirmation, became a matter 
of concern. 

In an attempt to locate reliable analytical facil- 
ities available to individual dairyncn, five samples 
were split and submitted to throe different labora- 
tories. One sample was submitted to a fourth labora- 
tory. The results using gas- liquid chromatography with- 
out confirmation are shown in Table il. 

TABLE II 

Results Of Analysis Of Split Samples 
By Different Laboratories 

PPM (apparent) 

PPM Chlordane Heptachlor Epoxide 

Sample Prod- Laboratory Laboratory 

No. uct I 2 3 4 1 2 3 4 

A Milk 0.0 0.03 0.02 0.036 0.04 0.03 
(fat) 

B Milk 0.153 0.12 0.02 2.54 0.129 0.0 0. 16 0. >0 
(fat) 

C Milk 0.0 0.02 0,02 0.0 0.0 0.01 
(fat) 

DD Hay 0. 10 0.0 0.01 0.0012 0.0 0.005 

E Crass 0.14 0.0 0.01 0.004 0.0 0.005 

These results showed apparently good agreement 
on Sample A. On sample B laboratory No. 3 was low on 
the chlordane result (underlined) and laboratory No, 2 
was low on the heptachlor epoxide result. Laboratory 
No. 4 was exceptionally high, on both values. Agree- 
ment was good on sample C but on sample and E, 
laboratory No. I was high on the chlordane values. 



29* 



If the residue (ppm) for each of the first throe 
lahorator i es is totaled and the variation between 
laboratories determined by the method of Snedecor (6), 
we Tind the mean result for chlordane to he 0.2143 ppm 
with a standard deviation of *■ 0.4001. This is a 
coefficient of variation of IS6I. The mean value for 
hoptachlor epoxide was 0.1400 t 0.6*528, which is a 
coefficient of variation of 4^5 . 

Stu I I ejt a_j_. (7) found similarly high variability 
in working with DDT residues in milk from individual 
cows hut suggested that pooled herd milk should be less 
variable. However, in a later report (S), where DDT 
intake was compared to levels in the milk of a herd of 
500 cows, they found wide fluctuations and uncxp I a i nab I y 
high levels of residue in the milk. 

Level of Chlordane Residue Advisable To Re Fed 

\o information was available relative to what 
level of chlordane residue might be fed and still keep 
the residue level in the milk he low the action level. 
This was critically needed since a large amount of hay 
was '->eing held in hopes it could be fed. We had been 
advised that possIMy 0,02 ppm of residue in the hay 
"ifiht he maximum (9). 

Thus, in September, 196^, twelve cows were placed 
on hay that had been analysed in "arch and reported to 
contain 0.25 ppm of ihlordanc. Feeding continued until 
rV'cciubcr 196^. The hay was samp I ed Ky a core sampler, 
filled approximately 18" to 20" into the end of each 
ale as it was fed. Samples fror: each l^ale were com- 
posited and analysed along with a milk sample, which 
w as composited from the morning and evening milking of 
the twelve cows -- approximately every seven days for 
lo weeks. A normal grain ration was fed, which on 
Periodic sampling consistantly gave negative results 
*°r chlordane residue. The results are shown in Table 
HI. 

These results show hay sprayed in April or May of 
'967, harvested the early part of July and stored in an 
°Pen stack, contained 0.25 ppm of chlordane residue in 
^arch of 1968, based on one sample. Starting in 
September of that same year and continuing for 16 weeks 
"° sample ever reached 0.25 ppm, the highest level being 
^ • f 82 . Six weekly samples were negative and the average 
Residue (using 0.01 ppm for the negative values) over 
the 16 week period was 0.065 ppm. Milk produced from 
cows fed this hay resulted in no significant change in 
^ e PtachJor epoxide residue, the average residue being 
0, 099 ppm on a fat basis. Analysis showed the coeffici- 



ent of variation for the hay samples to he 53.7* and fop 
the milk samples 23.16". 

In-as-much as this level of residue in the hay did 
not produce any appreciable change in the residue in the 
milk a second group of six cows was started in Septemhor 
1968 on hay that had tested IS ppm of chlordane residue 
in fohruary i960. This group was handled in the same 
manner as the one above and continued on this feed for 
|2 week.. The results arc shown in 1 ah I e IV. 

rARLE III 

Level Of Chlordane In Hay And (apparent) 
lleptachlor epoxide In Resulting Milk (fat) 



Date 



Hay 

Chlordane PPM 
I us fed) 



Mi ik 

lleptachlor Epoxide 
PPM (fat) 



March I96S 

8-8-68** 

S-I5-6K 

8-22-68 

R-29-6S 

9-5-68 

9-I2-6S 

0-20-68 

9-27 i 

10-3-68 

10-15-68 

10-23-68 

IO-29-6S 

H-5-68 

11-13-68 

I 1-20-6? 

I 1-26-68 

12-6-68 



AVERAGE 



Cattle on Ra lance 
Treatment of Herd 



,010) 



0.25* 

0.092* 

Neg. (0.010) = 

0. 122 

Nog.(0 

0.177 

Ncg. (0.010' 

\cg.(0.0l0 

Neg. (0.010 

Neg.fO.OIQJ 

0.08", 

0.(82 

0.01 I 

0.055 

0.I0S 

0.025 

0.022 

0.171 

0.065 



0.095 

0.090 

0.076 

0.067 

0.095 

0.079 

0.0S5 

P. Tr. 0.010 

0.056 

0. 141 

0.149 

0.155 

0.097 

0.147 

0.131 

0.171 

0.099 



.054 



.062 



.087 



.056 



=:=* 



?.: * -I: 



Stack samples 

feeding contaminated hay began 

Residue in hay fed previous peri 

8-15-68 



od, i ,e. 8-8-68 to 



It will be noted that the level of chlordane in the 
hay varied over a wide range but never exceeded 11,9 pP m - 



..,,, 



Vet, a portion of the original sample, stored in a 
closed meta! container, still gave essentially that 
same (IB ppm) value in January 1969. Thus, as pre- 
viously indicated, there appears to be a significant 
decrease in the chlordanc level when hay is stored in 
an open stack . 

TABLE IV 

Level Of Chlordane In liay And (apparent) 
lleptachlor Epoxide In The Resulting Milk (fat) 





Hay 






Mi Ik 






Chi 


ordane 


PPM 


Heptach 1 or 


Epox i de 


Date 


(as 


fed) 




PPM (fat) 












Catt 1 e on 


Ra lance 










Treatment 


of Herd 


9-6? 




18.0* 








10-9-68** 









.095 


.084 


I0-I5-6S 




3.729* 


*# 


1.338 




10-23-63 




.476 




.271 




I0-2O-68 




1.806 




.261 




IM-6S 




2.973 




.478 




M-13-68 




1.403 




.614 




11-20-68 




.672 




1.140 


.064 


1 1-:6-68 




.078 




.208 




I2-6-6S 




1.043 




.154 




12-12-68 




1.080 




.340 




12-19-68 




8.074 




.180 




12-26-68 




1 1.902 




.763 


.032 


1-3-69 




8.281 




.876 




- AVERAGE 




3.549 




.55! 





Stack sample 

Feeding contaminated hay hegan 

Residue in hay fed the previous period, i.e. from 
10-9-68 to 10-15-68 

An analysis of these ^dta show the mean value for 
*"e twelve samples of hay to he 3-459 ppm of chlordane, 
W| th a minimum level of .078 and a maximum of 11.902 
Ppm. The standard deviation was * 2.4433 and the coef- 
ficient of variation 70.61%. 

For the milk, five of the twelve samples were 
below the action level and seven above. The mean value 
was 0.551 with a minimum of 0.180 and a maximum of 1.338, 
l "« standard deviation was ± 0.2555 and the coefficient 
oF variation 46.29%. 



3/n 
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These two feeding trials would indicate chlordane 
residue in the hay in excess of 0.065 ppm may Se toler- 
ated without the apparent heptachlor epoxide exceed! no 
the action tevel of 0.3 ppm hut that chlordane residues 
in, the hay averaging 3.4) ppm would result in milk 
exceeding the action level and thus be subject to 
removal from the market. 

Summary and Discus si^yn 

This experience seems to point out that the con- 
tinued registration and approval of the ambiguous 
language on the label for chlordane by the II, S. 
Department of Agriculture, Pesticide Regulation 
Division, particularly after terminating registrations 
for other organoch 1 or i nc pesticides on alfalfa, w^ 
misforlunate. Our experience supports the work of 
Clahorn of 1953 (.4) in that chlordane did not build 
up to very high levels in the animals and was dissi- 
pated relatively quickly once the animals were taken 
off the contaminated feed. Also, we found a wide 
range in values reported by different laboratories 
analysing the same sample. Also, wide ranges in 
laboratory results when one laboratory follows th< 
feed and milk residues on control feeding trials, 
did Stull et aj_. (8). 

Rased on our results, as well as others (7,8), it 
ts doubtful if the one sample procedure used by the 
regulatory agency as a basis for legal action on hiqhly 
perishable products such as milk, where the product" 
cannot beheld until analytical results arc available 
is justifiable. A more realistic approach would seem' 
to be the throe out of five procedure used by the 
U. S. Public Health Service in evaluating other viola- 
tions of milk production procedures, i.e. temperature 
standard plate count and co I i f orm count of fluid milk! 
Applying this procedure to the data in Table IV such 
milk would not have been removed from the market until 
Novemhep 13, 1968, when three of the last five samples 
were ahove the action level of 0.3 ppm in the milk fat 
This would be more acceptable to the milk producer than 
a single sample" procedure of removing the milk from 
the market on October 15, 1968, permitting it to again 
be sold from October 23 to November 5 and then taking 
it off again on November 5. Following November 5 this 
milk source, using the three out of five approach, 
would not again be permitted to he sold for the duration 
of the period, even though on November 26, December 6 
and December 19 the analysis are below the action 
tolerance. This would provide considerably more assur- 
ance that the consumer is getting a safe milk supply. 

3H 
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Evaluation and fiibliography — fcv 
P. B. Polen (t rlsicol Chemical Corp. 
Chicafo, III. 60610) 



Evaluation 

The critical developments with respect to 
technical chlordane have not been readily 
apparent to the general scientific community. 
The reason tor this may be that many de- 
velopments in the history of this product 
have been recorded in publications other 
than the formal scientific literature. Scienti- 
fic observations reported in publications surh 
as the United States federal Register or in 
United States Department of Agriculture 
Research Service Reports are generally ob- 
scured from the broad scientific community. 
Recent entries in the literature reflect this 
lack of awareness about the nature of techni- 
cal chlordane and its residues. 

Evidence on agricultural use of technical 
chlordane has recently been subjected to in- 
tense scientific examination. An Advisory 
Committee of five eminent scientists iv.is 
appointed by the United States Food and 
Drue Administration to review a proposal 
to repeal tolerances for residues of chlor- 
dane. The Committee was appointed by the 
FDA from a panel nominated by the 
National Academy of Sciences- X a tiona I 
Research Council. After considering informa- 
tion presented by various parties, the Ad- 
visory Committee issued a report in Febru- 
ary, 1965. On the basis of that report the 
Food and Drug Administration published n 



final order in the Federal Register in April, 
1965, retaining the tolerances of chlordane. 
The subject matter considered by the Ad- 
visory Committee on chlordane tolerances is 
germane to the problem before this Commis- 
sion, namely, the terminal residues of chlor- 
dane. I have therefore appended copies of 
the report of the Advisory Committee on 
tolerances of chlordane, and also a compila- 
tion of excerpts from chemical evidence pre- 
sented to the Committee. (The compilation 
of evidence here carries the title "Chlordane: 
Composition, Analytical Considerations, and 
Terminal Residues".) 

It is apparent that to assess the problem 
of the chemical nature of terminal residues 
of chlordane in a general way. one must 
start with consideration of constancy of the 
product applied, and then proceed to evalu- 
ate formulations and to appraise the contri- 
butions of regional climates and other 
agricultural and agronomic factors. Tlw in- 
formation assemhled for the Chlordane Ad- 
visory Committee involves evaluation of 
factors that influence terminal residues. The 
Committee concluded that technical chlor- 
dane, since 1950, is a uniform product cap- 
able of toxicologic.!! and agricultural evalua- 
tion. The Committee states, in part, "The 
Committee has no reason to assume that the 
composition of chlordane is less rigidly con- 
trolled than the composition of other mix- 
tures that are successfully used as agricul- 
tural chemicals or indeed allegedly pure 
compounds that are likewise successfully 
employed for a variety of purposes." 

Analytical methods are required for in- 
dependent verification of the integrity of 
technical chlordane and its formulations. I 
have submitted as part of my holography a 
number of methods which encompass such 
techniques as chemical determination of total 
organic chlorine, colorimetric reactions, 
spectrophotometry in the ultraviolet, visible, 
and infrared regions, and gas chromatog- 
raphy. Several of these methods have In- 
come official methods after collaljorative 
study by the Association of Official Analyti- 
cal Chemists in the United States and the 
Euro|)caii Commission for Method* of 
Analysis of Pesticides (CIvMAI'l. The com- 
mittee states, with regard to residues, 'In 
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(lie case of technical chlordane, despite the 
difTicultics inherent in a mixture, the cur- 
rent analytical ncwis for residue determina- 
tions nppear to have been met on the basis 
of various determinations : total organic 
chloride above control, response in coiori- 
mctric reactions, and gas chromatographic 
determinations of residues, including the 
quantitation of the more persistent com- 
ponent! as so-called 'signature peaks'." 
Electron capture gn? chromatography is 
used in analysis of chlordane residues. Se- 
quences of analyses on samples taken after 
the agricultural application of technical 
chlordane exhibit a consistent pattern. Initial 
residues correspond very closely to technical 
chlordane, as would be expected. Subsequent 
chroma tograms indicate a loss of more vola- 
lile components so that eventually two peaks 
dominate the chromatogrnm, These an- the 
"signature peaks" and correspond to the 
retention time of known isomers of chlor- 
dane. Neither heptaehlor, a constituent of 
technical chlordane, nor heptaehlor epoxide 
is apparent in the chromatogram of the 
terminal residue. 

Fundamental knowledge regarding termi- 
nal residue.- of chlurdane is now available. 
The evidence appears to reveal principles* 
which are applicable in world-wide use of 
chlordane. It may be necessary, however, to 
quantitatively measure the regional effects of 
climate and other agricultural factors by 
appropriate experiment. Except for such 
regional measurements, however, it appears 
that the chemical nature of the residue is 
sufficiently known to simplify for FAO and 
WHO their assessment of toxicologies! data 
for the establishment of numerical values for 
acceptable daily intake and permissible 
levels 



He-iducsj" (Excerpts from Information Sub- 
mitted to Chlordane Tolerance Advisory 
Committee by Vclstcol Chemical Corp., 
December 5, 1963, to February 21, 1965), 
November 25, 1905. 

The above reference includes these pre- 
vious publications; 

March, R. B., "The Resolution and 
Chemical and Biological Characterization of 
Some Constituents of Technical Chlordane", 
J. Econ Entomol. 45, 452-456 (1952). 

Orchis, E. P., et at, "Speetrophotometric 
Determination of Heptaehlor and Technical 
Chlordane on Food and Forage Crops", 
/. Ayr Food Chcni. 4. 144-451 (1956). 

Pesticide Analytical Manual, Helen C. 
Barn-, Joyce G. Hundley, and L. Y. Johnson 
(Eds i, Food and Drug Administration, 
Washington, DC, July 1963 (Rev. 1965). 

Analysis of Technical Chlordane and 
lis Formulation* 

Meyer, C. F,, "Collaborative Study of 
Chlordane and Heptaehlor', This Journal 
♦5,513-517 (1962). 

/'Changes in Methods", ibid. 45, 513-517 
(1962), 

Malma, M. A., "Collaborative Study of 
Chlordane by Speetrophotometric Method", 
ibid.. 48.573-575 (1965). 

Maliua, M. A., '"Collaborative Stitdv of 
Speetrophotometric Determination of Hexa- 
chlorocyclopentadiene in Technical Chlor- 
dane", ibid. 49, 254-257 (1966). 

Velsicol Chemical Corp., "Comparative 
Infrared Analysis of Technical Chlordane", 
unpublished; incorporated in report by 
P. B. Polen. 

Camoni, I., /fend. Inst. Super. Sanita 27, 
160-107 (1964). 
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Evaluation — by P. It. folen (VeUicol 
Chemical Corp.. 330 E. Grand Ave., 
Chicago, III, ttiblti, V.S.A.) 



A study of the aging of chlordane rest- 
dues has recently been reported by Klein 
and Link (1), who demonstrate the progres- 
sive simplification of the residue pattern with 
tune and the eventual dominance of two 
peaks which, while not named, appear to 
correspond to a- and y-chlor3mie. Frag- 
mentary information indicates that food 
processing is a probable means of removing 
residua] chlordane from food. Experiments 
at the scales of pilot plant and commercial 
production of edible vegetable oils have 
shown that chlordane residues present in the 
crude vegetable oil are completely removed. 
Process stages designated as deodorization 
and hydrogenation appeared to be particu- 
larly effective in producing the residue-free 
food products (2). Rapid degradation of 
chlordane in soil has been observed by Jones 
and is attributed to microbial effects (3). 
Chemical analysis gives higher apparent 
residue values than bioassay of the same 
soil; this discrepancy is attributed to the 
biological inactivation of chlordane by the 
wil (4). 
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Erahtotion — by I', li. I'oli'ii (I't'lsii-ol 
Clifiniftil Cur/).. Il.llt E. Gromi trf.. 
Chicaan III- titlultl. I'.S. 1.) \ 



Tn a se;ncli for the quantitative regional 
influences and the effects of cooking upon 
chlordane residues, a study ha" been com] ileteil 
for foliar applications to Ix-ans and cabbage in 
seven locations within Kuro|* :md North 
America. The results indicate that cliniatu 
conditions do not significantly influence the 
composition, pattern of dissipation, or level* 
of residues when con pared with other e.\ix-n- 
inental variable* (1). Simple cooking of the 
Iw'ans or cabbage by boiling for 10 minuie> in 
salted water also bad no significant effect nil 
levels or composition of the residues. For milk. 
processing operations as in production of con- 
densed milk, dried milk, or evaporated milk 
reduce the residues In 25 to 30% (2). The 
earlier work of Cooduig (3) has been supported 
by further evidence that the processing "i 
edible vegetable oils under commercial condi- 
tions removes' residues of several pesticide- 
including chlordane (4;. Studies are in progrew 
to determine the identity of the separate 
metabolites which arise from alpha- and gam- 
ma-chlordaue isomers; these have gas cbrorni ■ 
tographic characteristics similar to those of 
hcptachlor epoxide but not identical. 

IIekkhkncEb 
(1) Polen, P, E., to be published in J. Agr. Ft»l 

Chent. 
121 MK'nski-y, T. A., and Liska, B, J., ''''"' 

joiiru'ii so. inni iw:i ojw-). 
,:ii OtHHtiug, C M. B-. <''"■'"■ >»<*■ 344 <l9i.ii' 
t n Smith. K. .1., Pol™, I'. U., De Vrie», IX. *«•! 

Coon, P., J. A m. Oil Chemi*!*' Soc, in pre- 



EXHIBIT VI (D) 



3. Terminal Clitardane Itecidura 

The Commission reviewed work in progress on 
the metabolism of rhl >rdanc ; i animals, on the 
toxicology of of- and y-vlt\ mlane, mid on hydro- 
ptiilic metabolites i . :;i,,i-. The. Comnn 
noted that the tern., a- .iiul 7-i''i.lonlane have 
now been changed t 1 1 is j ul I »;,-». Arrangements 
were made to continue collation of information 
on the terminal .■c-iduosof ehlordane, 

Kcahtatimi—tiy V . It, Point (IWxiVvJ Chemical 

Cnr/i., Xii) K. tlrunti I,,., Chieaua, ltt. btU.II) 

A number 01 projects are in progress, but are 
at present incomplete, with respecl to terminal 
residues of ehlordane. Manuscripts are in prepa- 
ration »i:: [a) Terminal Residues of Chlordane 
CI): Relation-hip to Technical Chlonlane (1); 
(b) Terminal Residues of Chlnrdanejll)': Weath- 
ering of Residues from Foliar Treatments with 
Technical Chlordane (2); (r) Terminal Residues 
of Chlordane (III); Characterization of Compo- 
nents of Tci. liiiuul Chlordane (3). Chemical re- 
search Ls being conducted on the isolation, identi- 
fication, and properties of unknown mctabofite(s) 
nf ehlordane in animal- (3) and a .-cries of phar- 
macological investigations on a- and -y-rhWdane 
are also in progress (4) to Mipptement chemical 
know ledge on residues. 

Revenue and Yen (.">) have reported on chances 
in composition of technical ehlordane dispersed 
in water or when vu|wrs are exposed to water. 
The evolution of chromatographic patterns i 
similar to observations reported to this Commis- 
sion and the authors suggest that the chlordane 
peaks, which »o have called "signature peak-," 
be used to quantitatr residues. The author* ap- 



pear to have been unaware of published ICPAC 
Commission report- (I, 2). Saha and Ix>e (ti) re- 
port mass and infrared spectroscopic data on 
isolates from a commercial chlonlane formulation 
(23% granules). Tlwir interpretations confirm the 
identity of major components;, but their identifi- 
cation of some minor components ami their aSr 
signment of structures differ from the conclusions 
of other workers (3, 7), Cliau and Cochrani 
have described spc< ifie chemical methods for gas 
chromatographic identification of several organo- 
cbloiine pesticides, including constituents of tech- 
nical ehlordane. Additional identifications. efTect- 
of strong basic reagents, and structures of elitor- 
dauesfand others! are discussed by Cochrane (7). 
To provide a reference for ascertaining con- 
tinuing constancy of comiiosttiou of technical 
ehlordane, n brochure (1» ha- been compiled con- 
taining physical, chemical, and biological test 
method-, ;i statement of approximate composi- 
tiou, and specification-. 

1{ihri:vci:s 

(1) Polen, P. H. (information presented to 1st 
Meeting of Commission mi Terminal Ke-idiic--). 
JAOAC SO, IOSI tovj Hi,',;,. 

(2) Pol«>, P. H. iie|H.i! of Chlonlane Working 
P ii iv (o aid Meeting of the Commission), 
JAOAC 52. 300 ||<ir,!t.. 

(3) Communication? from Velsieol Physical Chem- 
istry ;md Analysis Research Department. I0Ofl. 

(4) Communications from Vctsieol Toxicology De- 
partment, PJl'i'l 

(.») Revenue, A., and Ycu, C. Y, Huil. Environ. 

Cnn/iim. Tottioi. 4, tis -7t> lllHi'.ti. 
(C) Saha, J. (.;., ami I .re, Y. W .. Hull. Environ. 
VoHtutn. 7'o.riro' . lii press. 

(7) Cochrane, \\. p.. JAOAC 52, HflO-HOo (I0CI1J. 
(SJ Chnu, A. S. V., and Cochrane, VV. P., JAOAC 

52, 1092 1100 (hll/t 
(tt) Standard for Tnhniru Chlordmir, Vel.-irol Chem- 
ical t'oip.. ciiii :i»:o. ill . mtis. 
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2. Terminal Chlordane Residues 

The Commission received a re|>ort on work 
completed on the terminal residues of rhlordane. 
An animal metabolite of chlordane, called oxy- 
chlordane (CioHjOCU), has been isolated from 
the fat of pigs fed massive doses of the pure 
mers and from milk and cheese produced from 
cows feeding on alfalfa contaminated with chlor- 
dane. Thus far all evidence indicates that oxy- 
rhlordane is formed only in animals. It was noted 
that chlordane residue* found in the cuticle of 
root crops such as potatoes, even after washing, 
can be accounted for by the incorporation of 
minute particles of soil m the skin waxes. The 
Commission noted that chlordane will be re- 
viewed at the 1970 FAG/WHO Joint Meeting, 
after which an indication should be furthcoming 
as to whether their requirements on chlordane 
have been met. 



Evaluation— by P. It. I'olen (t'elsicnl Chemical 
Corp., 3H K. Ohio St., Chicago, 111. 60611) 
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(.J) . in imal Metabolite of Chlordane 

Analytical evidence for the existence of un- 
recognized metabolite* from pure, isomers of 
chlordane was reported to this Commission at 
its 3rd meeting, Sittingbourne, Kent, England, 
Oct. 1968 (1). At that time different metabolites 
from each of the isomers were suspected. Since 
then an animal metabolite :.CioH*OClg) of chlor- 
dane, hereafter called oxychlordane (OXY I, has 
been isolated from the fat of pigs fed massive 
doses of the pure isomers (2) and from milk and 
cheese produced from cows feeding on alfalfa 
contaminated with chlordane (3). OXY has been 
synthesized and a struc lire has been proposed. 
Either a- or ■y-chiordaue yields the same metabo- 
lite, identical to the synthetic product when 
judged by analytical parameters (IR, XMR, 
GLC, TLC), but there are indications that en- 
antiomorphic selection occurs during metabolism 
(2, 4). 

Analytical characteristics of OXY have been 
described and its propensity for storage in the 
fat of animals has been studied (4). The storage 
concentration ratio (residue level in fat divided 
by level in feed) is a maximum of 0.1 in back fat 
of cattle fed chlordane for 30 days, 0.24 in pigs 
fed 90 days, and approximately unity in rats or 
dogs fed chlordane 1 to 2 years. OXY m- not 
detected in milk of dairy cattle fed up to 0.3 
ppm chlordane (maximum FAQ/WHO tolerance) 
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for 30 days. From the relatively low storage con- 
eventration ratios observed in supervised feeding 
trials, it was concluded that the probability i, 
low for amplification of residues in the food chain 
via a chlordane oxychlordane mechanism. 

OXY was not detected in residues in soil uu,] 
plants: evidence indicates thus far that OXY -,- 
formed only in animals and does not occur as ,-, 
constituent of terminal chlordane residues ,, 
crops. 

(B) i\omrtirlattirc of Chlordane Isomers 

Three systems are now used in the literatim 
to name the principal isomers of chlordane (who* 
gas chromatographic peaks have been calld 
"signature peaks'' (5)). The oldest system lu» 
bee,, used since about 1917 by Velsicol, in win- 
la borntones chlordane was developed. Tie- 
nomenclature (hereafter System 1; was employe: 
in preparing technical literature, in documents ft.* 
regulatory agencies, and in identification of refer- 
ence analytical standards which were distribute; 
to university researchers, regulatory labora-torie- 
and analyst.-. System 2 appeared in the teehmr- 
literature in the early 1950's; System 3 was fir-t 
used in 1969. 

Correct recognition of this nomenclature ■ 
essential also to interpretation of literature m 
technical hcptnchlor, since -y-chlordane is s*a»» 
times a com]»onent of its terminal residues (6). 

The systems are correlated below and wn* 
literature utilizing each is cited: 



System 1 
[7, 8, !>, 10) 



Syshm 2 
(5, 11, IS, 13) 



System J 

U4) 



or-chlordane ^-chlordane ei'«-ehlortIane 

■y-ehloninue a-chlordane (raiw-chlortltti'"' 

•y-clilmdanc* 

* Reference 12 only. This is not one of the "wpi" 

one peaks" isomers. 

Cuequivocal bases for exjwrimental di*t". 
tiou of the 2 isomers are the gas chromatograpi 
retention times (a-thlordane has the k«W'' 
retention time) and IR spectra. 

(O Vhotoreactions in Terminal Residue* "' 
Chlordane 

The possibility of conversion of constitm' 1 
of residues from technical chlordane by ' 
in vitro has been demonstrated by Korte (15. '' 
Benson (17), and Rosen (IS) and their co-work' ' 
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\ li.ther or not the.-*- transformation? are of 
juilieanee in altering the composition of termi- 
! rhlordane residues under agricultural condi- 

; ■ ,m.- needs further evaluation. 

Observations or the IUPAC Chlorrfane Work- 
si 1'iirty on gas-liquid chromatograms from 
liar applications to beans and eahba^e appear 
m pve no new peaks during the aging of the 
,-i.lucs (1) and hence gave no indication of 
, ; antolytic product-;. A more recent investigation 
j lirvcted specifically toward evaluation of the 
iTects, if any, of sunlight on rhlordauc residues 
l-n finds no significant indications of the produc- 
Nim of plictnlytic products under typical field 
miditions (19). 

■m Effect* of food Processing on Chlordune 

Saha nod others (6, 20, 21) have consistently 
■Iwwn that rhlordane residues from soil treat- 
units of root crops with either technical cblor- 
' tie or technical hcptachtor, in which 7-ehlor- 
i-nie is a component, are concentrated in the peel 
iImI that peeling and, or cooking reduce- or elimi- 
raltw the residue. 

IVvenue and Yen (22) have demonstrated the 
■■(tecta of processing on removal of clilordane 
r-idues from grain products. Wheat flour and 
ruse, each contaminated by exposure to ehlordane 
^i|K»rs, were proees-rd to produce 2 c<x>kod 
Inducts: a baked cookie and boiled rice. The 
i':iked wheat flour cookie contained an average 
••> 50% less residue than the wheat and the 
"">ked rice about 73 r ;, less than the raw product. 
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hcoluntion— by F. Korte (Inslititt fiir Okolo- 
cinche Chemle der Cesellschujt fiir Slruh- 
lenjortehung mbll Miinchen, D 3201 Srhloas 
Birlingkoren, Germany) 

Mrtabolism 0/ trans-Chlordanc in White 
Cabbage and Ciirrot.i 

White cabbage leave-- quickly take up trans- 
chlordnne after foliar application. Four weeks 
after application less than 1% ,,( the residues 
was found on the leaf surfaces, more than 90% 
of the residues was found in the leaves. Ten 
weeks after application total residues amounted 
to merely 20% based on the applied radioactivity. 
This means that residues disappear much slower 
than in the case of the related substance hepta- 
ehlor. 

Soil treatment (carrots) with irana-chlorriane 
only resulted in low residues in carrots, namely 
0.01 ppm in carrots themselves and 0.06 ppm in 
their leaves (12 weeks after application). Resi- 
dues in carrots were mainly metabolites, whereas 
residues in leave-- (about % of tin- radioactivity) 
consisted of tra/w-chlordane. 
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Although these tests, carried out under green- 
house conditions which were not under strict 
control, cannot be cornered quantitatively with 
tests carried out under practical conditions, the 
results reveal nevertheless that a considerable 
part of the residue* is present in the form of 
conversion products after chlordane application. 

3. Terminal Cyclodiene < 'ompoitml Residues 

The Commission reviewed progress on the 
knowledge of the nature of terminal residues 
and photochemical reaction products of cyclodi- 
ene insecticides. An important development was 
the confirmation of the bridged ketone structure 
of Matsumura's dieldrin metabolite F by means 
of its synthesis. It was noted that the number of 
metabolites of cyclodiene compounds is increasing 
and'that the need exists to synthesize these com- 
pounds in order to evaluate their importance as 
terminal residues under field conditions. Photo- 
dieldrin and photo-endrin are significant residues 
under certain conditions and should be included 
in any discussion of residues. The quantitative 
occurrence of hydrophiiic metabolites and photo- 
transformation products under practical condi- 
tions needs to be reported. Arrangements were 
made to continue to collate and report results 
orcthe terminal residues of cyclodiene compounds. 

Evaluation — by F. Korte (Institiil fur Okolo- 
ftische Chemie der Gesellxchajt fiir Strah- 
lenforsrhunft mbtt Mimchen, 1) 5201 Schlosn 
Uirlinghoven, Germany) anil P. E, Porter 
(Shell Development Co., P.O. Box 4248, 
Modesto, Cal(f. 9S352) 

An excellent review of the metabolism of cy- 
clodiene insecticides, including literature through 
June 1968, has been prepared by G. T. Brooks 
(11. Some recent developments in relation to 
cyclodieat insecticide terminal residues are sum- 
marized in the following sections. 

(4) Transformation in the Soil 

Miles, Tu, and Harris (2) have continued their 
study of the metabolism of heptachlor and its 
degradation products by soil microorganisms, 
Heptachlor is epoxidized to heptachlor epoxide. 
It is also hydrolyzed to 1-hydroxychlordene 
which is epoxidized to l-hydroxy-2,3-epoxychlor- 
dene. They now have evidence that the latter 
compound is oxidized to l-kcto-2,3-epoxychlor- 
dene. Lichtenstein el al. (3) examined soils which 



had received aldrin or heptachlor either in urn 
treatment at 25 lb/acre or in 5 annual treatment, 
of 5 lb/acre pe r treatment, 10 years after tin 
first treatment. In the case of the single nldrii. 
treatment, the soil residues of aldrin plus dieldrn 
declined roughly logarithmically with time with 
approximately half of the residue disappearius 
each 2.25 years. In the heptachlor-treated soil* 
conversion to the epoxide was slower, but i|„ 
sum of heptachlor ami its epoxide declined 
logarithmically with time. The time for half 
pearance was about 2 years. 
Saha and Lee (4) treated fertile clay loam soil 
witli 14 C-dieldi'in. After one year, in which wheal 
plants and carrots were grown m the soil, they 
examined both plants and soil. It was evident 
that in 1 year in their soil, insignificant dieldrin 
conversion to other products had occurred. .',., 
important development in relation to the soil 
transformation of aldrin and dieldrin was the 
synthesis by Hicnieck and Korte (5) of the 
bridged ketone structure which Matsumurarfo/ 
(6) proposed as their metabolite F. Matsumura 
et al. (7) incubated u C'-labe!cd endrin with 151! 
cultures of microorganisms isolated from soil- 
Twenty-five appeared to be active in degrading 
endrin. 

(B) Transformation in or on Plant* 

A Dumber of pertinent studies have been made 
at the Institut fiir Okologisehe Chemie, Schlo- 
Birlinghoven, Six weeks after the ' *C-emlrin 
treatment, Z,2-Aa c 't of residues based on the up 
plied radioactivity was found on and in the 
tobacco plants. The residues consisted not onh 
of endrin hut also of a very hydrophiiic substance 
(30% after 6 weeks). 

It was shown by radio-thin layer chromatog- 
raphy that besides endrin there were 2 groups i»l" 
degradation products in cotton plants, one groU|< 
being only slightly more hydrophiiic than endrin 
itself, the oilier one very hydrophiiic. After foh:« 
application to white cabbage, residues of d-kctn 
endrin disappear more slowly than those di 
endrin itself. 

Ten weeks after foliar application of ' *<■"- 
isodrin to white cabbage, total residues amoun' 
to \z of the applied quantity. The main product 
in the plants was endrin; the main product »<> 
the leaf surface- was a very hydrophiiic substaro t 
which so far had been unknown. Leaves and l' ,;,! 
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,rf»c«S contained about 20-30% of A-keto 
.<lriii. 

la contrast to the tests with white cabbage, 12 
,,k- after soil treatment as much as 40% of 
,. residues in soil was isodrin; carrots and 
,iitt leaves also still contained isodrin after 
i'« period. 

Alter foliar application of ' *C-photo-dieldrin 
, white cabbage, residues disappeared more 
Wry than in corresponding tests with aldrin, 
H-lilrin, isiodrin, and endrin. .Metabolite fractions 
■u-tstetl of a very hydrophilie main product and 
.it least 2 less hydrophilie by-products. 

i' i Inimat Mrtabotism 

Observation.-, on the animal metabolism of the 

vi'lodiene insect k-idea suggest that microsomal 

zyme systems in the liver must be responsible 

r their conversio i to more hydrnphilir metabo- 

■■■-. In vitro transformations by microsomal 

nivmfc) have now been amply demonstrated. 

Matthews and Matsumura (S) found that dieldrin 

.converted by rat liver microsomes in vitro into 

number of more hydrophilie materials. The 

riucipn] fecal dieldrin nietabolite of rats and 

:lie principal rat urine metabolite were both 

; ujor in vitro liver enzyme metabolites. The 

'i. .mi in vitro metabolite of dieldrin was not 

identified. 

Brooks ef of. (9. 10) hare demonstrated epoxide 
H'druse activity in rabbit and pig livers even for 
''if refractory dieldrin. Richardson U al. (It) fed 
•iN with M C-labeled endrin and confirmed the 
I rid excretion pattern reported by Klein tt al. 
I- . Baldwin it al. (13) have now found that the 
''-nor fecal metabolite is a secondary ulcohol 
'"'Hied by substituting a hydroxy] group for one 
■I <lie hydrogens of the mcthano-bridge of endrin. 
Hit liver perfusion studies with endrin (14) con- 
fined that it is metabolized by enzymes of the 
; '-'<'r. Dr. Korte's laboratories have found that 
lammals metabolize A-keto endrin as quickly 
ls endrin itself. Hedde it al. (15) administered 
'("-dieldrin to sheep and about '$ was excreted 
••'or 6 days with a little less than half of the 
"M'reted materials in the urine. Feces were not 
"VamUied. The urine contained G metabolites, 4 
' -tractable with hexane. Feil et al. (16) identified 
" urine metabolite as the rr«ns-6',7-diliydni\v- 
•Tydro aldrin, and one as a inouohydroxy diel- 
''iii in which one methane-bridge hydrogen was 
■'''I'lared with a hydroxy!, Baldwin et al. (17) 



isolated a larger and purer sample of the prin- 
cipal dieldrin feces metabolite of rats, which 
allowed a more accurate structure determination. 
This proved to Ik- the Mime as the monohydroxy 
compound described by Fell et al., with the 
methane-bridge of dieldrin hydrexylated. It ts 
undoubtedly identical to the major fecal metabo- 
lite isolated by Matsumura. Baldwin and Robin- 
son (IS) fed the photo-isomer of dieldrin to rats 
for 13 weeks. They found that a metabolite was 
stored in the tissues in small amounts. This 
metabolite was identified as the ketone which is 
the principal rat urine metabolite of dieldrin. 
Dailey et ai. (19) and Klein ct al. (20) administered 
'*C-plioto-dieldrin to male and female rats intra- 
peritoneally and orally daily, 5 days a week, for 
12 weeks. Analysis of the urine showed the prin- 
cipal metabolite (about S5% of the total) of male 
rat urine to be the ketone commonly called 
"Klein's metabolite" in agreement with Baldwin 
and Robinson; however, none of this ketone was 
detected in female rat urine. No photo-dieldrin 
was excreted in the urine of either. At least 4 
metabolites were present in the urine of female 
rats, but these have not been identified so far. 

The following observations have been made in 
Dr. Korte's laboratories: 

After intravenous application of "C-uhotO- 
dieldrin to rats (70 ^g 'kg body weight), the 
radioactivity was excreted only slowly (about 
17% by male rats within 72 hr, about 15% by 
female rats within the same time). Ninety-five 
per cent of the radioactivity found in feces and 
urine was due to 2 metabolites in the ratio 2:1. 
The main product is very hydrophilie; the second 
metabolite is only slightly more hydrophilie 
than photo-dieldrin itself. After intravenous ap- 
plication of 14 C- photo-dieldrin to rabbits (115 
Mg. 'kg body weight), exrreta contained about 
16% of the radioactivity only in the form of a 
very hydrophilie metabolite after 96 hr. Kortc 
and co-workers have also studied the metabolism 
of dihydroxy-di hydro aldrin. After intraveneous 
or oral application, respectively, of this lt V- 
labcled metabolite to rabbits, only slight con- 
version was found. In rats, however, there was a 
higher conversion rate of this substance and 
about 10% of the radioactivity excreted in the 
feces is due to hexaehloro-tetrahydroinilanc-1.3- 
dicarboxylk acid. This result is the first example 
for the actual degradation of a compound of this 
class in mammals. 
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On feeding '^C-hcptachlor to rats and rabbit*, 
Kaul et al. (21) found only heptachlor epoxide 
in the tissues. Twenty per cent of the radioac- 
tivity in the urine and feces was a hydrophilic 
metabolite which was chromatographically iden- 
tical to the l-hydro.xy-heptachlor epoxide. Simi- 
lar results were obtained for intravenous applica- 
tion of heptachlor epoxide. After injection of 
1-hydroxy-heptachlor epoxide in male rats, no 
further change occurred. 

Lawrence et al. (22) identified a metabolite in 
milk and cheese which resulted from feeding 
technical chlordane to cows. The compound was 
an octachlor epoxide. 

(D) Photochemical Transformation* 

Photochemical transformations of the cyclo- 
dienes are important with respect to terminal 
residues on plants. McGuire et al. (23) studied 
the photochemistry of heptachlor under various 
conditions. Korte et al, (24, 25) reported photo- 
chemical transformations of many cyclodienes 
with and without sensitization by cnrbonyl 
comjxmnds. Under conditions favorable to triplet 
formation, Rood yields of bridged or "caged" 
structures were obtained where such structures 
are possible. An important experiment isomerizing 
wo-fndo-tetracyelo-(6.2.1 1 3 «. 2 7 )-<lodecene-4 
in hexadeutero-acetone proved that the rearrange- 
ment to form bridged molecules does not occur 
through a nonclassical homo-allyl radical as a 
transition state. Benson et al. (26) irradiated 
acetone solutions of chlordane and several of iu 
pure components. In those cases in which a double 
bond is present in the 1,2-position, the cage 
structure; were obtained. At this time informa- 
tion does not seem to be available relative to the 
significances of the various photochemical prod- 
ucts as terminal residues. 
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BEHAVIOUR AND PERSISTENCE OF HEPTACHLOR, TECHNICAL CHLORDANE, AND AG-CHLORDANE 
(HCS-3260) IN SOIL 

C. R. Harris 
Research Institute 
Canada Department of Agriculture 
London, Ontario 

The discussion today really covers three insecticides, Heptachlor, 
technical chlordane, and an experimental compound known as AG— Chlordane or 
by the code number, HCS-3260. Heptachlor was used for many years in Ontario 
for soil insect control and was one of the most effective soil insecticides 
available. The use of this compound was banned in 1969 in conjunction with 
bans placed upon other cyclodiene insecticides, such as aldrin and dieldrin. 
Since that time the use of technical chlordane, also a cyclodiene insecticide 
which was not banned, has increased markedly. Technical chlordane is com- 
monly used for control of the northern corn rootworm, white grubs and wire- 
worms and is available to both the agricultural and home-owner market. The 
third compound, AG— Chlordane is an experimental material which may be intro- 
duced as a replacement for the present technical chlordane. None of the 
compounds mentioned is available commercially as a "pure "mate rial (Table l). 

Table 1. Insecticides involved in Heptachlor-Chlordane review 

Heptachlor - y-chlordane , (heptachlor epoxide) 

T. chlordane - a-chlordane , y-chlordane , 

nonachlor, heptachlor, 
(heptachlor epoxide ) 

AG—chlordane - o-chlordane , Y-chlordane, 

heptachlor, 
(heptachlor epoxide ) 



Heptachlor contains about 20$ y-chlordane and this is usually the residue 
which is found in soil long after heptachlor and heptachlor epoxide have 
disappeared. In addition, heptachlor epoxide is also a break-down product 
of heptachlor and it is both insecticidal and persistent in soil. So when 
we use heptachlor we are basically concerned with these three residues in 
soil. Technical chlordane is a mixture of a considerable number of com- 
pounds - on a gas chromatograph chart you get about 20 peaks. Basically 
there are four compounds that are insecticidal, a^chlordane , y-chlordane, 
nonachlor , and heptachlor and, again, because of the degradation of heptachlor 
you must be concerned with heptachlor epoxide. In AG-chlordane we are con- 
cerned primarily with a- and y-chlordane and there is usually less than 1$ 
heptachlor in the mixture. Conceivably, this very small amount of heptachlor 
in AG-chlordane could also lead to minute residues of heptachlor epoxide in 
soil. 
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The work which I will discuss today has been done in our own 
laboratory and is concerned primarily with the behaviour of the insecticides 
in soil or their persistence of biological activity. However, I have also 
included some residue data. Although we have a lot of data on a variety of 
pests of economic importance , I have tried to keep the discussion consistent 
by dealing only with one insect throughout the talk so that I can show 
parallels or differences which may occur among the various materials. In 
addition, to keep it simple, I have resorted to using the results of screening 
tests where we use a very broad range of concentrations, rather than detailing 
LD^ n values. The first insecticide which I will discuss is heptachlor 
(Table 2). As you can see from the data in Table 2, when heptachlor is com- 
pared with aldrin and DDT as a contact insecticide, all three are equitoxic. 

Table 2. Relative Toxicity of Heptachlor to 1st Stage Crickets by Direct 
Contact and as a Soil Treatment 



Insecticide 



Av. corr. % mortality at indicated 



0.001 



$ insecticide solution 
0.01 0.1 



1.0 



heptachlor 





aldrin 





DDT 













100 

100 
100 



100 
100 
100 



0.1 



ppm in moist mineral soil 
0.5 1 



heptachlor 


40 


100 


100 


100 


aldrin 


30 


100 


100 


100 


DDT 











100 



However, when you incorporate the insecticide into the soil, you get a 
remarkable difference in toxicity. DDT is not actually a very effective soil 
insecticide and, in these particular tests, it was necessary to go to a con- 
centration of 5 parts per million in soil to obtain any effect. By contrast 
both heptachlor and aldrin were remarkably effective insecticides in soil. 
Of the two, we generally find that heptachlor is just a shade more effective 
than aldrin as is shown in the table. Although it does not appear that 
there is a great deal of difference in toxicity between the two materials, 
studies which we have done over the years, both in the laboratory and in 
the field, have always indicated that heptachlor is just slightly superior 
to aldrin. 

Insecticidal activity in soil is dependent not only on the toxicity 
of the insecticide but on several soil and climatic factors (Table 3). The 
results shown in Table 3 indicate the importance of such factors as soil 
type and moisture. One of the major factors that influences the activity 
of an insecticide in soil is the soil type. In Table 3 I have listed some 
ID 's where I have taken two extremes, sandy loam and muck soil, which in 
one case contains about 1$, organic matter and in the other case 65% organic 
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Table 3. Influence of Soil Type and Moisture on the Biological Activity 

of Heptachlor 1/ 



Soil type 


% organic 

matter 


^50 < 


ppm 


) 


Ratio: 
Dry/Moist 




Moist Soil 




Dry Soil 


B. fine 
sandy loam 

Muck 


1.4 

64.6 


0.09 
4.19 




1.15 
5.39 


x 12.8 
x 1.3 



Ratio: Muck/Sand x 46.3 x 4.6 



1) Soil type and moisture influence the biological activity of 
heptachlor epoxide , T. chlordane , and AG-chlordane in a 
similar fashion. 



matter. As you can see, heptachlor was extremely toxic in the moist mineral 
soil. It was necessary to go to a much higher dosage in muck to get an 
equivalent degree of activity. The heptachlor was approximately 46 times as 
effective in the sandy loam as in the muck. Another factor which will 
influence insecticidal activity in soil is the amount of soil moisture. 
The drier the soil, the less effective the material (Table 3). You will 
notice that in mineral soil, it was necessary to go from 0.09 ppm in 
moist mineral soil to 1.15 ppm in ovendry mineral soil to obtain a LDrr, 
for heptachlor. The heptachlor was 12.8 x as effective in the moist 
soil as compared to the dry soil. In organic soils, the moisture effect Is 
not as obvious and as shown in the data on Table 3 , there was very little 
difference in the toxicity of heptachlor in ovendry soil as compared to the 
moist organic soil. Moisture has less effect on the toxicity of heptachlor 
as compared to other materials which we have tested. Some of the new com- 
pounds, such as Furadan or diazinon, are one 1/1 00 as toxic in dry mineral 
soil as in moist soil. Similarly, soil type appears to influence the 
toxicity of some of the newer insecticides more strongly than with the 
cyclodiene insecticides. For example, Furadan will work very effectively in 
mineral soil but is so strongly inactivated in organic soils that, in some 
cases, it is very little value. Soil moisture and soil type are two 
factors which influence the biological activity of an insecticide in soil 
to a very marked extent. These factors also influence the biological 
activity of heptachlor epoxide, technical chlordane, and AG-chlordane in a 
very similar fashion. 

Another factor which will influence insecticidal toxicity in 
soil is soil temperature (Fig. l). In the case of heptachlor, the insecti- 
cide becomes more toxic in all soils with increasing temperature. In other 
words, you have a positive temperature coefficient. As you can see from the 
data shown in Fig. 1, there is a considerable difference in toxicity of 
heptachlor between 15 and 21* C. The effect between 21 and 33" C, while less 
pronounced, still increases with increasing temperature. Temperature effect 
was also much more obvious in dry soil than either in moist mineral or 
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Fig. 1. 
INFLUENCE OF SOIL TEMPERATURE ON THE BIOLOGICAL 
ACTIVITY OF HEPTACHLOR 
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organic soil. By comparison, DDT has a negative temperature coefficient in 
soil (Fig. 2). It actually becomes more effective when the temperature 
decreases. In light mineral soil containing 12$ water, for example, it was 
nearly twice as effective at 15*0 as it was at 32 *C This factor was one 
of the great assets of DDT for cutworm control on tobacco. Treatments for 
control of the dark-sided cutworm were usually applied in late April or 
early May when soil temperatures tended to be low and it was under these 
conditions that DDT was most effective. DDT is one of the few insecticides 
that has a negative temperature coefficient. Nearly all others, at least 
all the organochlorine insecticides with the possible exception of lindane, 
have positive temperature coefficients. Heptachlor epoxide, technical 
chlordane and AG-chlordane also all have positive temperature coefficients 
in soil. To save time, I will not show you data which we have on the 
influence of soil and climatic factors on heptachlor epoxide, AG-chlordane 
or technical chlordane since the results which we have obtained closely 
parallel those which I have shown you with heptachlor. 
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Fig. 2. 
INFLUENCE OF SOIL TEMPERATURE ON THE BIOLOGICAL ACTIVITY 

OF DDT 
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In addition to the physical chemical characteristics of an 
insecticide and the factors which influence its biological activity in 
soil, it is also necessary to consider the effectiveness of each insecticide 
to each species of soil insect. Initially, the cyclodiene insecticides, 
particularly heptachlor, were remarkably effective against virtually all 
soil insects of economic importance. Beginning in the early 1950' s, the 
cyclodiene insecticides received very extensive use in North America for 
soil insect control. By 1968, the problem of insecticide resistance began 
to show up (Table 4). Over the years we have accumulated baseline toxi- 
city data on some of the species which have become resistant. Initially 
our main problems were with the seed-corn maggot, onion maggot and cabbage 
maggot. All of them became resistant between 15 to 20 generations to 
aldrin which was our main selection agent. In addition, we had cross- 
resistance to dieldrin, to heptachlor and to chlordane. Between 1958 and 
1964, these three species of insects became resistant to all cyclodiene 
insecticides and thus , it was necessary to find alternative insecticides to 
control them. In addition to these three species of root maggots, in 
Canada we have other species that have become resistant more recently 
including the dark-sided and redbacked cutworms, the carrot weevil and 
also the carrot rust fly. The carrot weevil became resistant to the 
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Development of Cyclodiene Insecticide Resistance by Soil Insects 

in Canada. 



Insect 



Level of resistance 



aid r in 



heptachlor 



chlordane 



Root Maggots 

seed-corn maggot 
onion maggot 
cabbage maggot 

Other species : Canada 



x 119 
x 238 
x 90 



dark-sided and redbacked cutworms, carrot weevil, 
carrot rust fly. 



x 504 


x 590 


x 591 


x 647 


x 1127 


x 1230 



U.S. - wireworms, corn rootworm, grubs. 



cyclodiene: insecticides in Ontario only in the last two years and you might 
wonder why it became resistant since we were no longer using cyclodiene 
insecticides. It would appear that the dieldrin and/or heptachlor epoxide 
residues in soil are still, in some instances, sufficiently high to cause 
selection pressure. Thus, we have the carrot weevil and some species of 
cutworms which are only now showing signs of becoming resistant to the 
cyclodiene insecticides. In the United States (Table 4) in addition to the 
species of insects which I have mentioned above, resistance to the cyclodiene 
insecticides has also occurred with some species of wireworms, the corn 
rootworm and grubs. Because of the resistance problem, many of the original 
recommendations which we made for the cyclodiene insecticides were dropped 
between 1958 and 1965. In Canada, after 1965 there were very few agri- 
cultural uses remaining for these materials , primarily for control of 
white grubs, wireworms and the northern corn rootworm,. 

When applied to soil, heptachlor itself is only a moderately 
persistent insecticide. Much of the heptachlor disappears from the soil 
within 2 or 3 years of the initial application by vaporization (Fig. 3). 

Fig. 3. 

DEGRADATION OF HEPTACHLOR IN SOIL 
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In addition, in moist soil, heptachlor will hydrolyse to 1-hydroxychlordene 
which is then metabolized by soil microorganisms to 1-hydroxy 2,3-epoxy- 
chlordene. Under certain conditions, heptachlor can also be metabolized by 
bacteria in soil to chlordene and by soil microorganisms to chlordene 
epoxide. However, a small proportion, perhaps 5 to 10$ of the heptachlor 
is metabolized by soil microorganisms to heptachlor epoxide. Heptachlor 
epoxide is also an effective insecticide (Table 5), and in contact toxi- 
city tests against crickets it is actually more effective than heptachlor. 

Table 5. Relative Toxicity of Heptachlor Epoxide to Crickets by Direct 

Contact and in Soil. 



Insecticide 




Av. 


corr. % mortality at indicated 




0.001 




fa solution 
0.01 0.1 1.0 


heptachlor epoxide 
heptachlor 









75 100 100 
100 100 



0.1 



ppm in moist mineral soil 

0.5 1 



heptachlor 15 

heptachlor epoxide 



100 
95 



100 
100 



100 
100 



In soil , the reverse is the case and heptachlor is more effective than 
heptachlor epoxide. Nevertheless, heptachlor epoxide would be classed as 
a very effective soil insecticide. In our laboratory, one of our standard 
tests is to determine the persistence of biological activity of various 
insecticides in soil. The results shown in Fig. 4 provide a comparison of 
the rate at which the biological activity of heptachlor and heptachlor 
epoxide disappears from soil relative to dieldrin. These tests were done 
under controlled conditions of constant light, constant temperature of 
BO'F and 60±5^ RH, so it is not a normal field condition. If you translate 
48 weeks in the lab into field results, a compound persisting for a year 
in the lab is going to persist much longer in the field depending on the 
climatic conditions and the soil type. The data (Fig. 4) indicate that 
heptachlor is only a moderately persistent insecticide. After 16 weeks 
in the laboratory, all the biological activity disappeared. A small amount 
of heptachlor would have been converted to its epoxide, say 5$, but this 
small concentration would not be biologically active and we would not 
record any mortality. When we compare the results for heptachlor with 
heptachlor epoxide , you will notice that the epoxide persists for a much 
longer period of time with biological activity disappearing only after 
48 weeks. Dieldrin appears to be a shade more persistent than heptachlor 
epoxide. Much has been said in the press about heptachlor being a persistent 
material. In actual fact, heptachlor is not a persistent material. A small 
amount of it is converted to the epoxide which is persistent but recent 
studies have also shown that this material is converted in soil by micro- 
organisms to 1-hydroxychlordene. 
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Fig. 4- 
RELATIVE PERSISTENCE OF BIOLOGICAL ACTIVITY 
OF HEPTACHLOR, H. EPOXIDE AND DIELDRIN IN 
MINERAL SOIL 
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We have been interested in heptachlor epoxide for a number of years 
and have done quite a few studies on it. One of the things that we have 
looked at is the movement down through soil (Table 6). These are the results 
of tests we did in the field at London where we treated the top 15 cm of soil 



Table 6. 



Vertical Distribution of H. Epoxide (PPM) in Treated Soil 

Untreated Subsoil. 



1) 



and 



Strata 






Sand 








Muck 






j 2 ) 




1» 


i 




F 


0-5 




1.8 




1.3 




2.5 




1.9 


5-10 




1.9 




1.8 




2.1 




2.0 


10-15 




1.8 




1.6 




2.4 




2.3 


15-20 


< o.o: 




0.1 


< o.o: 




< 0.01 


20-25 


< 


.01 




.04 


< 


.01 




< .01 


25-30 


< 


.01 




< .01 


< 


.01 




< .01 



1) Treated to a depth of 15 cm; 

2) Initial sample; 

3) 4 months after treatment. 
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with an emulsifiable concentrate of heptachlor epoxide provided through 
the courtesy of the Velsicol Corporation. Two soil types were used, sand 
and a muck. Both soils were treated at concentrations of approximately 
2 ppm. Four months after treatment, there had been only a very small amount 
of degradation of the heptachlor epoxide in either the sand or muck soils. 
In addition, there had been minimal movement downward in the soil. In the 
light mineral soil 1/10 ppm of heptachlor epoxide was found at 15-20 cm 
depth with much smaller amounts occurring at the 20-25 cm depth and less 
than .01 ppm at the 25-30 cm depth. In the organic soil, there was no 
vertical movement downward below the initial treatment of 15 cm. In that 
same study, we looked at the biological activity of the heptachlor epoxide 
in soil throughout the growing season and we grew carrots in the soil 
which are a very good indicator crop to look at residues of the cyclodiene 
insecticides which will be picked up in relation to soil type. As I 
mentioned, the treatments were approximately 2 ppm and in addition to the 
sand and the muck soil, we included a 1:1 combination of sand and muck, (Fig. 
Our laboratory studies have indicated that the major factor controlling bio- 
logical activity in soil is organic matter. In this test the three soils 
contained from < 1$ organic matter in the sand to 18$ organic matter in the 
mixture of the 1:1 sandrmuck and approximately 50$ organic matter in the 
straight muck. There was very little decrease in heptachlor epoxide residues 
in any of the soil types throughout the growing season and average 
residues were approximately 2 ppm with all three soils. In the bioassay 
studies, we obtained 100$ insecticidal toxicity in the sand at the various 
sampling periods throughout the growing season. In the soil that contained 
about 18$ organic matter, we had very little biological activity and, in 
the soil containing 50$ organic matter, we obtained no insecticidal activity. 

Fig. 5> 

INFLUENCE OF SOIL ORGANIC CONTENT ON INSECTICIDAL 
ACTIVITY OF H.EPOXIDE AND ITS ABSORPTION BY CARROTS 
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The residues found in carrots paralleled the insecticidal toxicity exactly. 
We had high residues in the carrots grown in the sandy soil but they dropped 
off very markedly in the soil containing 18$ organic matter and there was 
virtually no residue in the soil containing 50$ organic matter. I think 
that this is a factor that many of our people involved in registration 
tend to ignore when they assess an insecticide. Often they tend to look 
at the chemical aspects of a compound only - how long does a chemical 
persist using chemical techniques, etc. when in fact we should be using 
both methods because both insecticidal activity and uptake by crops are 
dependent, net on the concentration of insecticide in the soil, but on the 
organic content in the soil. Many of our high residues of aldrin, dieldrin, 
heptachlor, or heptachlor epoxide are in vegetable-growing soils high in 
organic matter. To a very large extent they are inactivated and thus, are 
not insecticidally active or picked up by crops. 

Technical chlordane is also an effective soil insecticide (Table 7)« 
However, it is not nearly as toxic to insects as is heptachlor. As a 
contact poison against crickets it is approximately 1/10 as toxic as 
heptachlor and similar results were obtained when it was incorporated into 
moist mineral soil. In round figures we can estimate that technical 
chlordane is probably about 1/S to 1/10 as active as heptachlor and this 
is because a- and y-chlordane are not nearly as effective as heptachlor 
and, in technical chlordane, we are dealing primarily with a mixture of 



Table 7. Relative Toxicity of T. Chlordane to Crickets by Direct Contact 

and in Soil 



Insecticide 



Av. corr. % mortality at indicated 



0.001 



$ solution 
0.01 0.1 



] .0 



heptachlor 

t. chlordane 








22 




100 
85 



100 

100 



0.1 



ppm in moist mineral soil 
0.5 1 



heptachlor 
t. chlordane 



20 




100 




100 

50 



100 
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these three materials. Our analysis of technical chlordane (Table 8) 
indicates that it contains roughly equivalent amounts of Y -c hl or dane > 
ar-chlordane and heptachlor. In one reference grade sample which we analyzed 

Table 8. Insecticidal Components in T. Chlordane 



Insecticide 



Reference 

grade 



% 



Bnulsifiable 
concentrate 



Y-chlordane 
a-chlordane 
heptachlor 
nonachlor 



Totals 



10.5 

8.6 

8.5 

ND- 



1) 



27.6 



11.6 
10.4 

9-4 
2.7 



34.1 



1) net determined 



we found 10. 5/S Y -0 * 1 - 1 - 01 *^ 3116 ' 8.6$ ar-chlordane and 8.5$ heptachlor, while 
in an emulsifiable concentrate, we found 11.6, 10. 4 and 9«4$ of these 
materials respectively. In addition, in the emulsifiable concentrate , 
we found 2.7$ nonachlor. y^c^I 01 ^ 3 ^ 6 » a-chlordane, and heptachlor com- 
prise approximately 27-30$ of technical chlordane. We have also looked 
at the biological activity of the insecticidal components of technical 
chlordane (Table 9). As mentioned earlier, technical chlordane is much 
less effective than heptachlor as a contact insecticide. Y-chl 01 "^ 3116 

Table 9. Relative Toxicity of Insecticidal Components of T. Chlordane to 

Crickets by Direct Contact and in Soil 



Insecticide 




Av. corr. % mortality at 


indie a 


•ced 




0.001 




0.01 


solution 

0.1 




1.0 


t. chlordane 

heptachlor 

Y-chlordane 

a-chlordane 

nonachlor 
















22 

C 
G 
C 




85 
100 
100 

95 
56 




100 
100 
100 

100 
100 




0.1 


ppm 


in moi 
0.5 


St 


mineral soil 
1 


5 


t. chlordane 

heptachlor 

Y-chlordane 

a-chlordane 
nonachlor 




20 











100 





c 




50 

100 

50 

5 






100 
100 
100 

100 
75 
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appears to be slightly more effective than technical chlordane, while 
a-chlordane is very similar in toxicity to technical chlordane. Nonachlor 
was again slightly less effective. In soil, the picture was similar, 
technical chlordane was approximately 1/8 to 1/10 as effective as heptachlor. 
y-chlordane showed activity in soil equivalent to that obtained with 
technical chlordane, while both a-chlordane and nonachlor were less effective 
in soil than technical chlordane. 

A point which has been of interest to us, is the extent to which 
the 85$ heptachlor content of technical chlordane contributes to the 
total insecticidal activity of technical chlordane. Based on some of 
the bioassay data which I shewed you earlier, I have summarized results 
which we have obtained with technical chlordane, y-chlordane, a-chlordane 
and heptachlor (Table 10 ). In light mineral soil, a concentration of 1 ppm 
of technical chlordane was required to cause cricket mortality. Based on 
the results of our chemical analysis 1 ppm of technical chlordane in that 
mineral soil would include .105 ppm of y-chlordane, .086 ppm of a-chlordane 
and .085 ppm of heptachlor. However, bioassay studies have indicated that 
in the case of a- and y-chlordane at least 1 ppm of these materials was 
required to cause insect mortality. However, heptachlor was 8 to 10 X 
as toxic as either a- or y-chlordane and, as a result, 0.1 ppm of heptachlor 
was adequate to cause insect mortality. Referring to the data shown in 
Table 10, it is apparent that the .085 ppm of heptachlor, applied to soil 
in the treatment of 1 ppm of technical chlordane would be almost enough to 
result in insect mortality. By contrast, the concentrations of .105 and 



Table 10. 



Insecticidal Activity of T. Chlordane in Relation to its Toxic 

Components . 



Insecticide 






% in t. 


ppm components 


ppm in soil 








chlordane 


in soil treated 
with t. chlordane 

at 1 ppm 


required to 
cause cricket 
mortality 


t. chlordane 






100.0 


1.0 


1.0 


Y-chlordane 






10.5 


0.105 


1.0 


a-chlordane 






8.6 


.086 


1.0 


heptachlor 






8.5 


.085 


0.1 


The biological activity of t. chlordane is dependent 


on the joint 


action of its 


insectic 


idal components. However, hept 


achlor provides 


about 80<fi of 


the 


toxic 


action. 







.'086 ppm of y-chlordane and a-chlordane respectively in that 1 ppm of 
technical chlordane would only be one tenth of the concentration required 
for these compounds to result in insect mortality. The conclusion that we 
have come to is that in technical chlordane the insecticidal activity of the a- 
and y-chlordane is probably not too significant. By contrast the 10$ 
heptachlor content of technical chlordane is sufficient to give approximately 
85^ of the activity and thus, it is our conclusion that heptachlor is the 
major insecticidal component of technical chlordane. I do agree with 
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Dr. Polen that the activity of technical chlordane may be, to some extent, due 
to the joint action of the components. I think, however, from data which we 
have obtained in the laboratory that this suggestion may apply more to the con- 
tact action of technical chlordane than to its activity in soil. When we apply 
the insecticide or its components to soil, we do not seem to get the same kind 
of joint action that we get when the insecticide is applied by direct contact. 
We have worked on this for several years, not only with heptachlor but with the 
other components and the results which we have obtained indicate that, while 
there is an additive effect, there does not appear to be a synergistic action. 
I do feel that heptachlor is responsible for the major portion of th e activity 
of technical chlordane in soil . 

We have also conducted laboratory studies on the persistence of 
biological activity of technical chlordane and its various components in soil. 
As in the previous data which I showed you with heptachlor and heptachlor 
epoxide we relate the persistence of biological activity to standard insecti- 
cides such as dieldrin, which is classed as a highly residual insecticide, 
aldrin, which is a moderately residual insecticide, and diazinon, as slightly 
residual. In the case of the slightly residual insecticides, biological 
activity will disappear in 4 to 8 weeks. In the case of the moderately residual 
insecticides, biological activity may persist for up to 16 weeks and in the case 
of the highly residual insecticides, biological activity will persist for 48 
weeks or longer. In the case of technical chlordane and its components, we 
obtained some extremely interesting results {Fig. 6). Nonachlor, a-chlordane 
and y-chlordane were all as persistent in soil as dieldrin, i.e. they were all 
highly persistent. Heptachlor, technical chlordane and chlordene were all 
moderately persistent. None of the compounds fell into the slightly residual 
category. It is very interesting to note that heptachlor and technical 
chlordane fell into the same category, i.e. moderately persistent. I would 
suggest that this is another result which would indicate that much of the 
activity of technical chlordane is resulting from the 8 to 10$ heptachlor con- 
tent. If o- and y-chlordane were contributing significantly to the insecti- 
cidal activity then the persistence of biological activity of technical 
chlordane would have been longer, as indicated in Fig. 6 which shows that 
both a- and y-chlordane are highly persistent insecticides. 

AG-Chlordane could be considered as a "cleaned up" technical chlordane. 
Results of our analysis (Table 11). Indicate that in contrast to the present 
technical chlordane which contains roughly 10:10:10 of a- and y-chlordane and 
heptachlor, AG-chlordane consists primarily of a- and y-chlordane with hepta- 
chlor and nonachlor comprising less than 2% of the total. Data which we have 
obtained on the insecticidal activity of AG-chlordane (Table 12) indicates 
that, as a contact insecticide, it is less effective than either heptachlor 
or heptachlor epoxide. In addition, it appears that it is slightly less 
effective in soil than technical ^chlordane "witn" the LD 50 for technical chlordane 
being 0.75 ppm and that of AG-chlordane as 1.29 ppm. (tig. 7) This lower toxicity 
in soil can possibly be attributed to the fact that the main component of 
AG-chlordane is a-chlordane (68$) and earlier data on the activity of the 
components or technical chlordane in soil (Table 10) indicated that a-chlordane 
is less effective in soil than y-chlordane. Thus, it might be necessary 
to use slightly increased rates for soil insecticide treatments if ^G-chlordane 
were to replace technical chlordane. Nevertheless, AG-chlordane would be 
considered to be an effective soil insecticide. 
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Fig. 6. 

PERSISTENCE OF BIOLOGICAL ACTIVITY OF 
TECHNICAL CHLORDANE AND ITS INSECTICIOAL 
COMPONENTS 
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Table 11. Insecticidal Components in AG- as Compared to T. Chlordane 



Insecticide 



t. chlordane 



AG chlordane 



Y^-chlordane 
a-chlordane 
heptachlor 
nonachlor 



Totals 



11.6 

10.4 
9-4 

2.7 

34.1 



29.7 

68.0 

1.0 

0.6 

99.3 
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Table 12. Relative Contact Toxicity to Crickets of AG-Chlordane , T. Chlordane, 

Heptachlor and H. Epoxide 



Insecticide 



Av. corr. % mortality at indicated 
fo solution 



0.001 



0.01 



0.1 



1.0 



H. epoxide 
heptachlor 

t. chlordane 
AG-chlordane 
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Fig. 7- 
TOXICITY IN SOIL OF AG-CHLORDANE, HEPTACHLOR, 
H. EPOXIDE AND T.CHLORDANE TO CRICKETS 
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In assessing the behaviour of an insecticide in soil, one of 
the major criteria that we utilize is the extent to which it vaporizes. In 
the laboratory, the technique that we utilize is to test for fumigant toxicity 
by suspending test insects 1/4 inch above treated soil. The soil is treated 
at twice the dosage required to give us an LD_ when the insects are exposed 
directly to the soil. In tests with heptachlor, technical chlordane, 
heptachlor epoxide and AG-chlordane (Table 13) we found that both heptachlor 
and technical chlordane were moderately volatile compounds. At a concentration 



Table 13- Fumigj 
H. Epoxide 


int 
in 


Toxicity of AG-Chlordane , T. Chlordane, Heptachlor and 
Moist Mineral Soil to Crickets. 


Insecticide 




ppm 
(2 x LD 5Q ) 

in soil 


Av. corr. 

% 
mortality 


ppm 
(4 X LD 5Q ) 

in soil 


Av. corr. 

% 

mortality 


heptachlor 
t. chlordane 
h. epoxide 
AG-chlordane 




0.4 
1-5 
0.5 
2.6 


75 

75 


c 


0.8 

3.0 
1.0 

5.2 


95 

100 

20 

9 



of 2 X the ID n in soil, both heptachlor and technical chlordane cause 75$ 
fumigant mortality. At a concentration of 4 X the ID Q heptachlor caused 95$ 
mortality and technical chlordane 100$ mortality. In 5 other words, much of 
the activity of heptachlor and technical chlordane in soil would be due to 
its fumigant activity. Heptachlor epoxide and AG-chlordane were much less 
volatile. At 2 X the LD,- in soil, neither compound caused any fumigant toxi- 
city. At 4 X the ID _ -'heptachlor epoxide caused 20$ mortality and AG- 
chlordane 9$ mortality. Thus, heptachlor and technical chlordane fit into a 
category together, i.e. they are both moderately volatile, while AG-chlordane 
and heptachlor epoxide fit into another category, i.e. they are only slightly 
volatile. I think that this data is another argument for the contention that 
much of the activity of technical chlordane comes from the heptachlor in it. 
If a- and y-chlordane were providing a significant amount of the insecticidal 
activity of technical chlordane, the fumigant toxicity of technical chlordane 
should have been lower than that of heptachlor. Our data have indicated that 
the behaviour of AG-chlordane in soil in relation to such factors as soil 
type, moisture and temperature, as well as the persistence of AG-chlordane in 
soil, closely parallels that of heptachlor epoxide. We have also looked at 
the persistence of biological activity of AG-chlordane in soil relative to 
heptachlor, heptachlor epoxide and technical chlordane (Fig. 8). You will 
note that the persistence of technical chlordane closely paralleled that of 
heptachlor, i.e. both materials were moderately persistent and biological 
activity disappeared within 16 weeks. In the case of heptachlor epoxide and 
AG-chlordane, they were both classed as highly persistent compounds in that, 
after 48 weeks under laboratory conditions, they still exhibited a significant 
degree of biological activity. It should be noted that these would be con- 
sidered as minimum persistence values since the work was done in a light 
mineral soil where one would expect the insecticide to disappear moderately 

nuicklv. 
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Fig. 8. 

PERSISTENCE OF BIOLOGICAL ACTIVITY OF 
HEPTACHLOR, T.CHLORDANE, AG-CHLORDANE 
AND H. EPOXIDE IN MINERAL SOIL 
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In summary, heptachlor is an excellent soil insecticide (Table 11+) • 
It is only moderately persistent but the formulated material contains 
approximately 20$ Y -ch l° rdane which can be classed as a highly persistent 
insecticide. Most heptachlor will vaporize from soil but small amounts are 
converted to heptachlor epoxide which is, in itself, both insecticidal and 
persistent. Both heptachlor and the epoxide will convert to 1-hydroxychlordene 
in soil and water. Heptachlor epoxide is absorbed by some crops in proportion 

Table 11+ . Summary - HEPTACHLOR 

1. Excellent soil insecticide; EC contains ca. 20$ -p -011 ! 01 ^ 3116 • 

Heptachlor is moderately persistent in soil; volatilizes; small amounts 



2. 



3. 



metabolized to heptachlor epoxide; both heptachlor and h» epoxide convert 
to 1-hydroxychlordene in soil and water. 

H. epoxide is absorbed by some crops in proportion to concentration, 
organic content of soil, and climatic conditions. 
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to concentration and organic content of soil, as well as climatic conditions. 
Technical chlordane can be classified as a moderately good soil insecticide 
(Table 15). It is necessary to use it at considerably higher rates than those 
which we used when we were recommending heptachlor for soil insect control. 
There are four major insecticidal components in technical chlordane of which 
heptachlor provides most of the insecticidal action. The other three com- 
ponents, a- and y-chlordane and nonachlor, are highly persistent in soil. 
AG-chlordane or HCS 3260 is also a moderately good soil insecticide which 
possibly will be slightly less effective in soil than the present technical 
chlordane. It contains four main insecticidal components of which a- and 

Table 15- Summary - TECHNICAL CHLORDANE 

1. Moderately good soil insecticide; contains ca. 20 components; 4 major 
insecticidal components are a^chlordane , y-chlord&ne, heptachlor and 
nonachlor. 

2. Heptachlor provides most of the insecticidal action of technical 
chlordane . 

3. a-chlordane, y-chlordane, and nonachlor are persistent in soil. 



y-chlordane comprise approximately 98$. Heptachlor and nonachlor comprise 
less than 2% of AG— chlordane . AG— chlordane will persist in soil and 
possibly will be as persistent as heptachlor epoxide and perhaps even 
dieldrin. Although less effective in soil its toxicity in relation to 
climatic factors, persistence and biological activity closely parallels that 
of heptachlor epoxide, (Table 16). 

Table 16. Summary - AG-CHLORDANE (HCS-3260) 

1. Moderately good soil insecticide; contains 1+ insecticidal components - 
a- and y-chlordane (ca. 90%), heptachlor and nonachlor (< 2%). 

2. AG— chlordane is persistent in soil. 

3. Although less effective, its toxicity in soil in relation to soil and 
climatic factors and persistence of biological activity closely parallels 
that of heptachlor epoxide. 
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CHEMICAL AND MICROBIAL DEGRADATION OF HEPTACHLOR AND HEPTACHLOR EPOXIDE 

J. R. W. Miles 
If insecticides are incorporated into soil which has been 
sterilized, the insecticides persist, relatively unchanged, just as though 
they were formulated on walnut shells or Attaclay. But when insecticides 
are incorporated into non-sterilized soils the insecticides are degraded, 
sometimes into numerous products, and this degradation has been attributed 
to the action of soil microorganisms. The usual products are oxidative. 
Two typical oxidation reactions occurring in soil are aldrin to dieldrin, 
and heptachlor to heptachlor epoxide (Fig. l). 

EPOXIDATION OF ALDRIN AND HEPTACHLOR 




Heptochlor 



Heptachlor epoxide 



fig. l 



When our laboratory acquired the services of a soil microbiologist, 
we began to investigate the action of soil microorganisms on insecticides. 
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Dr. TAi isolated 92 pure cultures from sandy loam soil of a farm near Guelph. 

We incubated these 92 microorganisms with aldrin, and determined the species 
which converted aldrin to dieldrin. We found only one product resulted from 

the aldrin incubations dieldrin. 

When we incubated these 92 microorganisms with heptachlor we found a 
number of products. But the main product, hydroxychlordene, was not the result 
of microbial action (Fig. 2). All our incubations were in 1% ethanolic medium. 



HYDROLYSIS OF HEPTACHLOR 
h h 





Heptachlor 



H 'OH 

-Hydroxychlordene 



FIG. 2 
And we found that heptachlor converted to hydroxychlordene in the alcoholic 
medium without any microorganisms being present (Fig. 3)» 

HYDROLYSIS OF HEPTACHLOR 
IN 1% ETHANOL 
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Heptachlor was also hydFolysied to hydroxychlordene in distilled 

water (Fig. 4)» 

HYDROLYSIS OF HEPTACHLOR 
IN DISTILLED WATER 



PPI\ 

0-^ 




Heptochlor 
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Fig. 4 
All the products we found from incubating heptachlor with the soil 
microorganisms are shown in Fig. 5. There was a physical loss of heptachlor 
SCHEME FOR CHEMICAL MICROBIAL DEGRADATION OF 
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PHYSICAL 
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(Volatilization \ 
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because we could not account for all the added heptachlor by the chemical 

and microbial degradation pathways. The main degradation route for heptachlor 

was by hydrolysis to hydroxychlordene. Conversion to hydroxychlordene amounted 

to 25-30$ in the medium without microorganisms. Both bacteria and fungi were 

able to convert this hydroxychlordene to its epoxide, l-hydroxy-2,3-epoxychlordene, 

The reduction of heptachlor to chlordene had not been reported before. 

We found this reduction to occur only with bacteria, but the chlordene product 

was oxidized to chlordene epoxide by both bacteria and fungi. 

The familiar oxidation of heptachlor to heptachlor epoxide was 
accomplished to various degrees by 35 of 47 fungi, and by 25 of 45 bacteria 
and actinomycetes. 

But in soil the various microorganisms do not act alone as we have 
incubated them in this study. Synergism has been reported in the microbial 
degradation of diazinon - there probably is also antagonism in the mixed microbial 
population in the soil. 

To examine the combined action of the microorganisms we extracted a 
mixed culture of soil microorganisms by shaking the sandy loam, soil with 
distilled water and using the supernatant as our inoculant. When this mixed 
culture of microorganisms was incubated with heptachlor we did not obtain the 
epoxides as products until after 10 weeks' incubation. We did, however, get 
chemical hydrolysis to hydroxychlordene , and reduction to chlordene throughout 
the whole 12 weeks' incubation period. 

« 

The most important finding was when we incubated heptachlor epoxide 
with the mixed culture and obtained hydroxychlordene as the main product. 
This reaction had not been reported before. We theorize that under anaerobic 
conditions the heptachlor epoxide is reduced back to heptachlor which is then 
hydrolysed by moisture to hydroxychlordene. One substantiation of this theory 
was that in one of our flasks, along with 15$ conversion to hydroxychlordene 
we had 5$ chlordene. In this case the reduction must have carried on to 
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ehlordene more rapidly than hydrolysis could occur. The conversion of 

heptachlor epoxide to hydroxychlordene averaged 1% per week, which is a 
significant rate of degradation, were it to occur in the field. 

In our own experiments with heptachlor in soil we have not detected 
hydroxychlordene as a product. But Duffy and Wong in the Maritimes deter- 
mined hydroxychlordene in amounts equal to or greater than the heptachlor 
epoxide concentration, in soils with a history of heptachlor treatment (Table l), 

Table 1. Residues (PPM) in Eastern Canadian Farm Soils, with History of 
Heptachlor Treatment a ) 



Farm 


Heptachlor 


- Heptachlor 
epoxide 


1-Hydroxy- 
chlordene 


gamma 
chlordane 


1 


0.09 


0.01 


0.03 


0.17 


2 


0.95 


0.44 


0.33 


0.86 


3 


0.05 


0.07 


0.00 


0.06 


4 


0.26 


0.08 


0.01 


0.27 


5 


0.68 


0.05 


0.08 


0.48 



J 



a) Soil sampled to 6 inch depth. 
Ref: Duffy and Wong, J, Agr. Food Chem. 15, 457 (1967). 

They also found considerable residues of gamma chlordane, presumably resulting 
from the gamma chlordane content of technical heptachlor. 

In the United States, Carter and Stringer reported hydroxychlordene 
to be the main residue after soil treatment with heptachlor for termite control 
in Florida, Hawaii, Missouri and Oregon. (Table 2). Very high concentrations 
of hydroxychlordene were found in the Oregon soil presumably because of the 
heavy rainfall in that state. And again, there were very significant residues 
of gamma chlordane. 
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Table 2. Residues (PPM) in United States Soils 2 Years after Heptachlor 

Application a ) b) 





Heptachlor 


Heptachlor 
epoxide 


1-Hydroxy- 
chlordene 


gamma 
chlordane 


Florida 


88.1 


1.0 


6.8 


32.5 


Hawaii 


9.6 


6.5 


1.2 


7-6 


Missouri 


418. 


- 


- 


124. 


Oregon 


21.2 


- 


90.0 


43.8 



a) water emulsion, 0,5% technical heptachlor, 1 pt/sq ft. 

b) residues averaged down to 4 inch depth. 

Ref: Carter and Stringer, J. Econ. Etitomol. 63, 625 (1970). 

What we have found then is a number of degradation pathways of 

heptachlor to much less toxic compounds, and also the degradation of heptachlor 

epoxide to hydroxychlordene. 

Table 3 shows that acute oral LDr n to rats of heptachlor, heptachlor 

epoxide, and hydroxychlordene. From this data it can be seen that the conversion 



Table 3. ACUTE ORAL LD, TO RATS 



Heptachlor 



90-115 mg/kg 



Heptachlor epoxide 60 mg/kg 



1 Hydroxychlordene 2400 - > 4600 mg/kg 



Ref: P. B. Polen, Velsicol Corp., Chicago, 

111. 



of either heptachlor or heptachlor epoxide to hydroxychlordene is a detoxification 
reaction and should be considered as an important factor in the assessment of 
heptachlor usage. 
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Soil and Crop Residues of High Purity Chlordane (Velsicol HCS-3260) 

in British Columbia 

by 

P. C. Oloffs and D. M. Wilson 
Department of Biological Sciences 
Simon Fraser University 
Burnaby 2 , B . C . 
Canada 

Field Plots, 20 by 20 feet, with 20 foot buffer strips separating 
the plots, were treated in duplicate with Velsicol HCS-3260 in June 1971 
at 0, 5 and 10 pounds of actual ingredient per acre. One set of six 
plots (2 plots each at 0, 5 and 10 pounds) was set up on a farm near 
Langley in the Lower Fraser Valley in B.C. The soil of this field was 
free of any detectable residues prior to treatment with Chlordane. After 
staking out the plots, they were rototilled, raked and prepared for seeding. 
Then they were treated with HCS-3260 and immediately rototilled to the 
depth of 4 inches and raked smooth. Twenty-four hours after this treat- 
ment the soils of each plot were sampled. Then carrots, radishes and beans 
were seeded in each plot and potatoes planted. The edible portions of 
the crops were harvested when ready for marketing and then analyzed for 
residues cf Chlordane and metabolites. The same crops were planted 
again in the same plots the following year (1972) , and harvested and 
analysed as before. But the soils were not treated again with Chlordane 
in 1972. 
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Soil samples were collected 24 hours after treatment and then 
intermittently for 16 months. 

The second set of 6 plots was set up in the Okanagan Valley on 
the CDA Research Farm in Summer land. In this case the plots were staked 
out in an established alfalfa field. Then the alfalfa was mowed to the 
ground using a rotary lawnmower at its lowest setting. Then the plots 
were raked clean. After treating these plots, the Chlordane was watered 
in thoroughly, not rototilled as in Lang ley. Soil samples were taken 
24 hours after treatment. This soil also had been found to be free of 
detectable residues prior to treatment with Chlordane. Alfalfa was 
sampled and analysed 2, 4, 12, 13 and 15 months after treatment. It was 
cut and harvested routinely three months after treatment and again 12.5 
and 14 months after treatment. Soils from these plots were sampled 0, 1, 
3, 4, 12 and 15 months after treatment. 

RESULTS AND DISCUSSION 
Soils 

Table 1 shows that the soil residues of Chlordane ( c<. plus Y) were 
lower in Summerland than in Langley. This probably is due to the dif- 
ferent application methods and the different climatic conditions. Figures 
1 a,b and 2 a,b indicate the trend of the decline of the residues. 

According to linear regression lines, calculated from all data, half 
lives for the 10- lb treatments are 9 and 10.5 months for Langley and 
Summerland, respectively. For the 5-lb treatments they are 13 1/2 and 



- 3 - 

14 1/2 months. Statistical determination of linearity, however, 
indicated that Summerland data are not sufficiently linear to permit 
conclusions, while linearity does obtain for Langley data - if_ initial 
residues (0 months) are not included (Fig. 3). Accordingly, half-lives 
for 10- lb and 5-lb treatments in Langley change to 11 and 6 months, 
respectively. So much for statistical high-jumps. 

Of detectable Chlordane metabolites, only photo-cis-chlordane 
was found in Summerland soils ranging from traces to a maximum of 0.15 
ppm which is a very small fraction of the total Chlordane residues in 
the soils. No metabolites were found in the Langley soils. 
Crops 

The interesting finding that the alfalfa contains considerable 
quantities of oxychlordane and of photo-cis-chlordane is discussed in 
detail in the attached manuscript entitled "Residues in Alfalfa follow- 
ing soil Treatment with High Purity Chlordane". Figures 4 and 5 also 
show these results. The demonstration that oxychlordane occurs in alfalfa 
grown in soils greated with HCS-3260 was confirmed in 1972 in a new 
experiment in the same location (Summerland) where two new plots were 
treated as in 1971 and again oxychlordane was found in the alfalfa. In 
no case could oxychlordane be found in the corresponding soils. 

Table 2 Figures-i 6 and 10 show the Chlordane residues in the crops 
grown in the Lower Fraser Valley. In the 10-lb plots . The residue levels 
were: radishes > potatoes > carrots >» beans, ranging from a high of 0.12 
ppm for radishes to a low of 0.008 ppm for beans (Fig. 10) . Grown in the 
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same plots (i.e., those treated in 1971) during the following year, the 
residues in radishes were considerably lower but not much lower in po- 
tatoes and carrots (Fig. 6 to 8, 10) . Apparently, weathering of residues 
of Chlordane makes these less available to radishes but not much less 
available to potatoes and carrots. 

In the 5- lb treatments, potatoes showed the highest residues in 1971 
closely followed by radishes and carrots. In all cases (5-lb plots) were 
the residues much lower in 1972 as compared to 1971, indicating that the 
residues picked up by these crops from soils after low-rate application 
become progressively less available as compared to residues from high-rate 
applications. 

In potatoes, chlordane concentrations in peel and pulp were compared, 
and the ratios, show in Table 2, indicate much higher concentrations in 
the peel. Since the ratio of the weight of peel over the weight of pulp 
differs between samples (some housewives are greedier than others;), the 
data are expressed in Chlordane found in one tissue per total sample weight 
i.e., per weight of peel plus weight of pulp. The actual concentrations 
(ppm) in each tissue are given in brackets and emphasize the great differ- 
ence. 

The residues in beans were very low in both 10-lb and 5-lb plots, 
namely 0.0066 ppm and 0.0032 ppm, respectively, in 1971 (Fig. 9,10). 
Interestingly, however, these residues were the same during the following 
year, namely in 1972, i.e., unlike the root crops, beans picked up as much 
one year after application as they did the year of application. 
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From our results, the following conclusions and salient points are 
indicated regarding vegetables grown in soils treated with HCS-3260 
(Fig. 10) : 

1. The magnitude of the residues depends on the rate of application 
and is roughly twice as high following application of 10-lb of 
Chlordane as it is following a 5-lb application. 

2. Edible portions of root crops contain much more residues than 
green bean pods. 

3. Residues in beans, although low, are the same if grown one year 
after application as they are if grown immediately following 
treatment, regardless of application rate. 

4. In root crops grown in 5-lb plots one year after application, 
residues are lower by almost one half (approximately 45%) than 
they are in the same crops grown immediately after application. 

5. In carrots and potatoes grown in 10-lb plots , however, the 
decline from one year to the next is only 15 to 20%, while it 
is approximately 50% in radishes. 

6. The concentrations are much higher in peels of potatoes than in 
the pulp of the same tubers. 

7. No metabolites of cis- or trans-chlordane (such as 1,2-dichloro- 
chlordene, oxychlordane, or photo-cis-chlordane) are found in 
these vegetables. 



a/ 



JS 



Table 1. Soil Residues from HCS-3260 in p. p.m. of dry weight- 

c/ 



Langley, B.C. 



u 

C 

a 

x 



Summer land , B . C 



d/ 



a/ 

— Each result is mean of 4 analyses (2 -analyses per plot) 

b/ 



c/ 



■d/ 



Figures in brackets are % of initial. 

HCS-3260 applied in June 1971 and rototilled to - 4" 



— HCS-3260 applied in June 1971 and watered in. 

e/ 

— Sampled 24 hrs after application. 



a + y 





0&' 


5.379 


(100)^ 


1.911 


(100)-' 


7.290 





2.801 


(100) 


1.055 


(100) 


3.856 




1 


3.930 


(73) 


1.379 


(72) 


5.309 


1 


3.134 


(112) 


1.024 


(97) 


4.158 




2 


3.910 


(73) 


1.516 


(79) 


5.426 


2 












11 


3 


3.127 


(58) 


1.171 


(61) 


4.298 


3 


2.025 


(72) 


0.704 


' (67) 


2.729 




4 


3.808 


(71; 


1.378 


(72) 


5.186 


4 


1.578 


(56) 


0.577 


(55) 


2.155 


w 


12 


2.548 


(47) 


Q.857 


(45) 


J.- :> 


12 


2.511 


(90 


0.836 


(79) 


3.347 


-O 


14 


2.347 


(44) 


0.828 


(43) 


3.175 


14 














15 












15 


2.061 




0.638 




2.699 


l-( 


16 


2.324 




0.707 




3.030 


1$ 














0*' 


3.021 


(100) 


1.113 


(100) 


4.134 





1.190 


(100) 


0.441 


(100) 


1.631 




1 


1.435 


(48) 


0.529 


(48) 


1.964 


1 


1.228 


(103) 


0.482 


U"9) 


1.710 




2 


1.666 


(55) 


0.611 


(55) 


2.277 


: 












1- 


3 


1.694 


(56) 


0.633 


(57) 


.2.327 


3 


0.969 


(81) 


0.379 


(86) 


1.348 


« 


4 


1.698 


(56) 


0.587 


(53) 


2.2b3 


4 


0.630 


(53) 


0.237 


(54) 


0.867 


en 


12 


0.959 


(32) 


0.324 


(29) 


1.283 


L2 


0.806 


(68) 


0.253 


(57) 


1.059 


i—4 


14 


1.154 


(38) 


0.410 


(37) 


1.564 


14 












LI 


15 

16 


0.933 




0.317 




1.250 


15 
16 


0.644 




0.216 




0.860 



Table 2. HCS-3260 residues in edible portions of crops (p. p.m. of fresh weight) 
after soil treatments at 5 and 10 lbs/acre in June 1971. 



Crown 
(Year) 


Crop 


Crowing 
Time (Day. 


*) 


10 


lbs/acre 




5 lbs/acre 






a 


Y 


a + , 


a 


■ 




a + T 


1971 
1972 


Carrots (Scarlet 
Nantes) 




120 
112 




0.0632 
00493 


0.0203 

0.0156 


0.0835 
0.0649 


0.0295 
0.0159 


0.0098 
0.0058 




0.0393 
0.0217 


1971 
1972 


Potatoes (Netted 
Gem) 




131 
112 




0.0679 
0.0602 


0.0208 
0.0168 


0.0887 

0.0770 


0.0486 
0.0270 


0.0146 
0.0083 




0.0632 
0.0353 


1971 
1972 


Beans (Top Crop) 




12 

77 




0.0052 
0.0057 


0.0014 
0.0020 


0.0066 
0.0077 


0.0023 
0.0023 


0.0009 
0.0011 




0.0032 

0.0034 


1971 
1972 


Radishes (Cherry- 
belle) 




40 

39 




0.0907 
0.0510 


0.0324 
0.0152 


0.1231 

0.0662 


0.0430 
0.0262 


0.0138 
0.0054 




0.0568 
0.0316 


a/ 
Peel vs. Pulp in Potatoes:— 






















lbs/acre 




1971 










1972 








PEEL 




PULP 




RATIO 


PEEL 


PULP 


RATIO 


5 
10 


0.101 (0.672) 
0.168 (0.731) 






009 (0 
022 (0 


014) 
021) 


11 (48) 
8 (35) 




0.023 (0.249) 
0.077 (0.868) 


0.004 
0.017 


(0 
(0 


.006) 6 (42) 
-017) 5 (51) 



a/ 



ug of chlordane in tissue per gramme of total potato sample, i.e., pulp plus peel. Figures in 
brackets ppm in the particular tissue. 



Figure la. Persistence of Velsicol HCS-3260 in a Berry Series 
Silty clay loam - Langley, B.C. (10 lbs/acre) 
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Figure lb. Persistence of Velsicol HCS-3260 in a Berry Series 
silty clay loam - Langley, B.C. (5 lbs/acre) 
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Figure 2a. Persistence of Velsicol HCS-3260 in an Osoyoos 

Series sandy loam - Summerland, B.C. (10 lbs/acre) 
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Figure 2b. Persistence of Velsicol HCS-3260 in an Osoyoos 

Series sandy loam - Summerland, B.C. (5 lbs/acre) 
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Figure 3. Calculated Regression Lines and 95% Confidence Limits 
for Velsicol HCS-3260 Persistence in Langley Soil 
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Figure 4. Alfalfa Residues from HCS-3260 in P. P.M. of 

Fresh Weight - Summer land, B.C. (10 lbs. /acre) 
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Figure 5. Alfalfa Residues from HCS-3260 in P. P.M. of 
Fresh Weight - Summer land, B.C. (5 lbs/acre) 
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RESIDUES IN ALFALFA FOLLOWING 
SOIL TREATMENT WITH HIGH PURITY CIILORDANE 
(Vols! col HCS-3 2 60) 



by 



D. M. Wilson and P. C. Oloffs 

Pestology Centre 
Department of Biological Sciences 
Simon Fraser University 
Burnaby 2, B. C, Canada 



I NTRODUCTION 



Oxychlordane, 1 , 2-dichlorochlordene epoxide (Fig. 
1, III), is a recently described metabolite of chlordane 

(Fig. 1, I) occurring in some animals fed on chlordane 
or chlordane -treated forage (10) . It has been found 
as a contaminant in milk and cheese from cows fed on 
alfalfa previously treated with technical chlordane 

(3, 4, 9). All reports have indicated that oxychlor- 
dane is formed only in animals and does not appear as 
a terminal residue in soil or crops (10) . According 
to Street and Blau (11), a- and y-^nlordane give rise 
to oxychlordane in animals via the intermediate 1,2- 
dichlorochlordc-ne (Fig. 1, II). 

Photo-cis -chlordane (Fig. 2, V) is a photoisomer 
of cr-chlordanc (Fig. 2, IV) similar in structure to 
photodieldrin. Sunlight or short wave U-V light pro- 
duces a "half-cage" compound through hydrogen migration 
and carbon-carbon bond formation (1) . In contrast, 
y- (trans) -chlordane does not photulyzc to a half-cage 
structure because of storic hindrances of the chlorine 
atoms on the cyclopentane ring. 

We report the occurrence of 1,2 -dichlorochlordene, 
oxychlordane, and photo-cis-chlordane as well as the 
parent chlordane compounds in alfalfa after treatment 
of the soil with Velsicol HCS-3260. 



J 



cis, trans 

I 



III 



Figure 1. Metabolism of chlordane (I) to 1 , 2 -dichloro- 
chlordene (II) and oxychlordane (III) . 




or 




IV 



V 



Figure 2 . cis-chlordane (IV) and its photoisoraers (V) 
(from Benson et cU. (L)) . 
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MATERIALS AND METHODS 



Insecticide an d Standards 

Soils were treated with high purity chlordane, 
recently developed by the Velsieol Chemical Corp., 
identified as HCS-3260. Its active ingredients con- 
sist of 95% or more of a-(=cis-) and y~ (-trans-) 
chlordane (12). The ratio of cis-Arans- is appr. 3/1. 
Analytical reference standards for the a- and y - 
isomers, oxychlordane , and 1,2 -dichlorochlordene 
were kindly supplied by the Velsieol Chemical Corp., 
photo-cis -chlordane by the Canada Department of 
Agriculture, Analytical Services Section, Ottawa. 

Treatm ent 

The alfalfa (Lahontan variety) was grown at the 
Canada Department of Agriculture Research Station at 
Summerland, British Columbia. Six plots (20 x 20 ft. 
with 20 ft. buffer spaces) were staked and the alfalfa 
within each plot was cut to ground level with a lawn 
mower and raked clean. Appropriate amounts of HCS- 
3260 EC wore diluted with water and applied to the soil 
with a HAWS 2 -gallon watering can in June, 1971. Four 
gallons of emulsion were used to cover each plot in one 
direction; a further 4 gallons were then applied in the 
opposite direction. The treatment rates wore 5 or 10 
lbs a. i. /acre, in two replicates. Two plots were left 
untreated as controls . All the plots wore thoroughly 
watered after treatment. 



Sa mpling 

Alfalfa was sampled 2 months after soil treatment 
and cut to about 4 inches 3 months after treatment. 
The new growth was sampled at 4 months (i.e., 1 month 
after cutting) and again 1 year a-fter treatment. The 
samples were washed under running water, dried, and 
frozen at -20°C until extraction. 
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Extra ction and Clean 



UE 



Subsamples from each plot were macerated and 100 g 
duplicate aliquots extracted in 400 ml of hexane : acetone 
1:2 (v/v) for 3 minutes in a Lourdes homogenizor. 
After 20 minutes, 25 g of anhydrous Na 2 S0 4 were added. 
The extracts were decanted through glass wool into sep- 
aratory funnels and the acetone was removed by washing 
three times with 200 ml 2% aqueous Na 2 S0 4 . Twenty ml 
of the crude hexane extract were concentrated to 2 ml 
and cleaned on 6 g 100-200 mesh Plorisil . Forty ml of 
hexane followed by 40 ml of benzene : hexane 5:1 (v/v) 
were used to elute the compounds from the columns. The 
eluates were taken to dryness in a flash evaporator and 
the residues taken up with 5 ml hexane. 



_GLC Analysis 

GLC analysis was in a Microtek MT-220 equipped 
with dual 63 Ni electron capture detectors. Three glass 
columns were used {103 cm x 0.64 cm O.D.), packed with 
mixtures of: (i) 2% OV 1 + 6% OV 210; (II) 2% £E 30 + 
6% OF 1; and (III) 1.50% OV 17 + 1.95% OV 210 on Chromo- 
sorb w "H.P.", 80/100 mesh. N ? was used as carrier gas 
at 80 ml/min. Common flow to one detector was accomp- 
lished by means of a combiner for columns (II) and (III) , 
Purge gas on the EC detector for column (I) was 20 ml/ 
rain. There was no purge gas on the EC detector for 
columns (n) and (III). Temperatures were: injector 
220°C, oven 190° C, detectors 300° C. Standard curves 
were prepared before and after each analysis. 

Iso lation and Confi r mation of Oxvc hhTnkinp 

Column Chromatography: Analyses of the extracts 
by GLC indicated the presence of a-, y~, oxy~, and 
photo-cis-chlordane. On 6 g Florisil, using 0.2 ^g of 
analytical reference standards of the above compounds, 
a-, Y-, and photo-cis-chlordane were separated from 
oxychlordane by eluting with 60 ml of pet. ether :hoxanc 
2:3 (v/v). Oxychlordane was then eluted using 40 ml 



of benzene :hexane 5:1 as described. For the field 
samples, 20 ml of alfalfa extract, were concentrated, 
and oxychlordane was separated from the other meta- 
bolites in the same way. 

Chemical Derivatization: Reductive dechlorina- 
tion using aqueous chromous chloride (CrCl 2 ) solution 
as described by Cochrane and Chau (6) was performed on 
0.8 p.g analytical reference oxychlordane and on approx- 
imately 0.3 |j.g oxychlordane isolated from the alfalfa 
extract by column chromatography . 

Gas Chromatography: In addition to the GLC 
columns already described, a more polar 1% OV 22 5 
liquid phase on 60/80 mesh Gas Chrom Q was also used 
for confirmation. GLC conditions for this column were 
as described. 

p-Valuc: For hexane-acetonitrile partitioning of 
both clcaned-up alfalfa extracts and analytical refer- 
ence oxychlordane in hexano, we used the method des- 
cribed by Beroza e_t al^. (2) . 



Recovery Tests 

Macerated alfalfa tissue from the control plots 
was fortified with known amounts of analytical standards 
of a- i y-, oxy-, and photo-cis-chlordane . Recoveries 
from duplicate fortified samples were between 94 find 
10 9%. 



RESULTS AND DISCUSSION 



Figures 3 and 4 show the chlordane residues in 
alfalfa at the two application rates and three sampling 
intervals. The initial growth of alfalfa, from 24 to 
30 inches high, was sampled 2 months after treatment. 
It had somewhat higher residues than the new growth 
sampled 4 months after treatment. Samples taken 1 year 
after treatment had a marked reduction in residues. 
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Figure 3. Chlordane residues in alfalfa at intervals 
following soil treatment of 5 lbs a.i./Vicre 
(mean and S.D. in p. p.m. of fresh weight) . 
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Figure 4. Chlordane residues in alfalfa at intervals 

following soil treatment of 10 lbs a. i, /acre 
(mean and S.D. in p. p.m. of fresh weight). 



in contrast, the concentrations of or- and y-chlordanc 
in the soil did not decline; similar amounts were 
detected after 4 months and 1 year (13 J. 

Oxychlordane comprised from 9 to 13% of the total 
residues (a- + V + oxy- + photo-cis-chlordano) x he 
alfalfa from the plots treated at 10 lbs/acre, and 13 
to 17% in that from the plots treated at 5 lbs/acre. 
It appears to be endogenous since it could not be 
detected in the soils. The intermediary compound, 
1 - chlorochlordono, was detected at 0.011 ppm in 
tie alfalfa from the 10-lb plots, and in trace quanti- 
ties in the other . 

Since these results seem to be the first indica- 
. tion that oxychlordane can appear as a residue in _ 
plants, further confirmation of identity was very im- 
portant, especially in view of previous mi ^ntifica 
tion of oxychlordane for heptachlor epoxide (5). Our 
columns (I) and (II) gave good separation of, and sen- 
sitivity to, these compounds. The separation of «-. 
v-, and oxychlordane and heptachlor epoxide on our 
column (III) has recently been described (8). The more 
P o ar OV 225 column also clearly separated oxychlordane 
from heptachlor epoxide but did not resolve a- and Y 
chl rdane. GLC analysis of alfalfa samples from the 
control plots showed no peaks interfering with any of 
the above-mentioned compounds, p-values for standard 
and extracted oxychlordane were 0.44 and 0.45 respect- 
ively Standard and extracted oxychlordanes were 
m onodechlorinated with CrCl 2 by attack on the gem- 
dichloro group present in the hexachlorocyclopentene 
moiety to yield the sym- and ant* -heptachlor q- deriva- 
tives (7), and then confirmed by GLC. . 

Photo-cis-chlordane^accounted for 9 to 16% of the 
total residues in the alfalfa from both 5- and 10-lb 
plots It was also found in the soil (max. 0.15 ppm) 
for four months following the treatment. The occurrence 



j^lso identified by the Analytical Services Section, 
Canada Dept . of Agriculture, Ottawa. 



of this photo -isomer was probably due to a combination 
of the method of application of HCS-3260, its compo- 
sition, and the continental, semi-desert climate of 
the area at that time (Table 1) . 



TABLE 1 



Climatic Conditions for Sampling Period 
June to October 1971.* 



Bright sunlight Precipitation Average air 
(hours) (inches) temp. ( F) 



2.06 59.5 

0.47 69.0 

1.19 74.0 

0,76 56.6 

0.54 46.3 



June 


233 .9 


July 


357 .9 


Aug . 


351.8 


Sept. 


182 .5 


Oct . 


156.1 



*Compiled from Chapman, F. M. 1972. "Weather Observa- 
tions for 1971", Canada Dept . of Agriculture, Research 
Station, Summerland, B. C. 



SUMMARY 



Residues of chlordane were determined in alfalfa up 
to one year after application of Vclsicol HCS-3260 to 
soil at 5 and 10 lbs active ingredient per acre. The 
major residues were cis-, trans-, photo-cis-, and oxy- 
chlordane . The latter two accounted for a maximum of 
16% and 17%, respectively, during the first four months 
after treatment. The identity of oxychlordano was con- 
firmed by four different GLC columns, chemical derivati- 
zation, p -value determination, and column chromatography 
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RESEARCH BRANCH / DIRECTION DE LA RECHF RCHE 
Research Institute 
University Sub Post Office 
London, Ontario 
N6A 3K0 



YOUH Fill NO 
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February 21, 1973 



Dear Doug: 

You may recall a recent release on'Thoto-Decomposition 
Products of Heptachlor" by Dr. Charles Hammer of the United States. 
Since he made some rather shocking accusations about the toxicity of 
some of the so-called photo products, I got in touch with Dr. Percy 
Polen at Velsicol. Percy has replied to my request and I am enclosing 
his letter and some literature which he sent. I think that it might 
be useful to include this information as an appendix in the chlordane- 
heptachlor report in case anyone brings up the question of the so- 
called photo products. 



Best regards. 



Yours truly, 



CRH:MACS 
Bids. 



C. R. HARRIS, 

Head, 

Soil Pesticide Section. 



c.c. Dr. F. L. McEwen 



VELSiCOL CHEMICAL CORPORATION 

3«1 EAST OHIO STB6ET • CHICAOO, ILLINOIS BOB11 • 31B A87-B700 



February 13, 1973 



Dr. C. R. Harris 
Research Institute 
University Sub Post Office 
Canada Department of Agriculture 
London 72, Ontario 

Dear Ron : 

I refer to our phone conversation of about 2 weeks ago 
regarding the concern of Canadian authorities with respect 
to a syndicated news release claiming the discovery of 
photoalteration products from heptachlor which were "22 
times more toxic". More information, useful in evaluating 
that news item, is on hand now. 

These are the facts as we understand them. Charles F. 
Hammer, Associate Professor, Chemistry Department, Georgetown 
University, recently presented a paper before the Division 
of Molecular Spectroscopy at a regional meeting of the 
American Chemical Society. The paper was entitled Photo - 
Decomposition Products of Heptachlor Epoxide . As the en- 
closed typescript shows, it was an interpretation of 
spectral data obtained from two previously characterized 
photoisomers of heptachlor epoxide. The author, to intro- 
duce his report, draws (incorrectly) upon published works 
of ivie, et al. (1972) and Lichtenstein, et aJU (1970); he 
presents no new evidence of agricultural or toxicological 
nature . 

Irrespective of the nature of his own research, Hammer 
appears to have freely interpreted the biological and 
agronomic work of other investigators in a press interview 
which was the basis of the syndicated article. (The Chicago 
Sun-Times version is enclosed.) The item speaks of detec- 
tion of the photoproducts in potatoes and carrots, even 
though Hammer did not work on them. Lichtenstein, presum- 
ably Hammer's source, reports no such findings in these 
crops after heptachlor treatment — unless heptachlor 
epoxide is supposed to be a photoproduct . Hammer bases his 
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relative toxicity ratings on "LD50, mgAg housefly (applied 
with sesamex) = 22" (see Table 1 of manuscript), a figure 
which he derives from Lichtenstein *s paper when, in fact, 
Lichtenstein's report does not support such a conclusion. 
Most important of all, Hammer, while citing Ivie's work, 
failed to convey to the reporters Ivie's observation; "No 
detectable photoproducts were formed [on plant surfaces] in 
the absence of rotenone as a photosensitizer ; . . . . " 

If you have any comments, I would be grateful for them. 

Sincerely, 

VELSICOL CHEMICAL CORPORATION 

I 



PBP/cf 
Enclosures; (4) 



Percy B. Polen 

Principal Regulatory Scientist 
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Degradation of Aldrin and Heptachlor in Field Soils 
During a Ten-Year Period 

Translocation into Crops 



E. P, Lichtenstein, K. R. Schulz, T. W. Fuhremann, and T. T. Liang 



Data are presented relative to the accumulation fol- 
lowing treatment and the subsequent decline of 
aldrin or heptachlor residues in loam soils during 
a 10-year period (1958-1968). Loam soils treated 
with aldrin or heptachlor at 25 pounds per five-inch 
acre over the five-year period of 1958 through 1962 
contained in the fall of 1968, 4 to 5% of the applied 
dosages primarily in the form of dieldrin and hepta- 
chlor epoxide. Aldnn treated soils also contained 
photo-dieldrin, which amounted to 1.5% of the 
recovered dieldrin. In addition, three unidentified, 
more polar compounds were detected in these soils, 
but they were nontoxic to both vinegar flies and 
houseflies. In addition to gamma chlordane and 



nonachlor which were present in the original hepta- 
chlor formulation, two toxic metabolites (hepta- 
chlor epoxide and alpha-chlordafie) and three un- 
identified, nontoxic compounds were detected, thus 
indicating the breakdown in soils of heptachlor and 
related compounds. All crops grown in these soils 
contained some insecticidal compounds. Potatoes 
from aldnn treated soils contained dieldrin (0.047 
p.p.m.) and photo-dieldrin (0.0006 p. p.m.), while 
those grown in heptachlor treated soils contained 
heptachlor (0.002 p.p.m.), heptachlor epoxide (0.054 
p.p.m.), gamma-chlordane (0.015 p.p.m.), alpha- 
chlordane (0.004 p.p.m). and nonachlor (0.002 
p.p.m.). 



During the first 10 to 15 years after the introduction of 
organic synthetic pesticides, long term residual 
properties were regarded as desirable. It was thought 
to be a remarkable feature when it was found that an in- 
secticide like DDT could be applied to mud huts and result 
in mosquito control over an extended period of time. In 
fact, it was regarded as desirable to make insecticide residues 
"last longer und look better" through the addition of "poly- 
chlorinated polyphenyls for improving lindane residues" 
(Hornstein and Sullivan, 1953). This attitude has changed 
considerably when it was found that some insecticidal residues 
are persistent and widely distributed and are found in ma- 
terials where their presence is undesirable. The synthetic 
organochlorine insecticides degrade in soil, although the rale 
of this degradation is different for each compound, depend- 
ing on the nature of the chemical itself and on a variety of en- 
vironmental factors. Some of these chemicals are more per- 
sistent, or less degradable, while others are less persistent 
and more susceptible to the effects or biological, chemical, and 
physical factors. 

In this study, long term field experiments are described in 
which the insecticides aldrin or heptachlor were applied to 
agricultural loam soils The fate of these insecticides in the 
soil and their translocation into crops during the ten-year 
period of 1958-68 are discussed. 

PROCEDURE 

Soil Treatments at Abnormally High Dosages and Soil 
Sampling. In May 1958, duplicate 30- X 40-foot Carrington 
silt loam plots near Madison, Wis., were treated with emulsions 
of aldrin and heptachlor at 5 or 25 pounds per acre (Lichten- 
stein, 1%0). The soils were then rototilted to a depth or 4 
to 5 inches. 

Those soils treated at 5 pounds per 5-inch acre were re- 
treated at the same rale each May from 1959 through 1962. 



Department or Entomology, University of Wisconsin, 
Madison, Wis. 53706 



At the end of the five years, all plots had been treated in either 
one or five yearly applications with a total of 25 pounds of 
insecticide per 5-inch acre (5 X 5 or 25 pounds). These ab- 
normally high treatment rales were chosen, because at the 
time of the first insecticidal application (1958) colorimetric 
methods had to be used for analyses. It was also felt thai for 
the reliable detection of potential metabolites higher in- 
secticidal application rates would be desirable. 

For soil residue studies, it was intended to determine if and 
to what extent the insecticides would accumulate in the soil 
following yearly applications of 5 pounds per 5-inch acre and 
how fast they would disappear in a subsequent five-year period 
during which no further insecticidal application was made. 
These data were compared with data from soils which had 
received the total 25-pound dosage in one massive applica- 
tion. Insecticide translocation into crops grown in these 
soils, and of the metabolism of insecticides in soils and crops 
were also investigated. 

Six-inch soil samples were collected as described (Lichten- 
stein, 1960) immediately after treatment in 1953 and in 
October of each year. A final soil sample was collected in 
October of 1968. 

Crop Growth and Crop Sampling. During the years 1958- 
1962 various crops were grown on the insecticide treated 
plots as previously described (Lichtenstein and Schulz, 
1965). From 1963 through 1967, however, only carrots (Red 
Cored Chantenay) and potatoes (Russet Sebago) were grown 
as indicator crops, while during the 11th growing season 
(1968) radishes (Early Scarlet Globe), beets (Detroit Dark 
Red), and cucumbers (Straight Eight) were grown in addition 
to carrots and potatoes for translocation studies. Crop 
sampling and processing was performed according to a 
previously described procedure (Lichtenstein and Schulz, 
1965). 

Analytical Methods. Various analytical methods were 
employed during the 10-year (1 1 growing seasons) duration 
of this experiment. Soil and crop samples obtained through 
1961 were extracted, cleaned up, and analyzed colorimetrically 
as described (Lichtenstein, 1960). Samples that were obtained 
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in 1462 wore analyzed by both Colorimctric and gas-liquid 
chromutographic (CLC) methods (Lichtensicm et <//., 1964). 
Data secured by ihosc iwo methods showed good agreement. 
Soil and crop samples obtained during the remainder of the 
period (1963 through 1968) were extracted and analyzed by 
CLC as described by Lichtenstein et at. (1967). In ad- 
dnion. soils and crops grown in I96S on heptachlor treated 
plots were analyzed for Y-chlordane. AH crops that were 
grown in 1968 were also tested for the presence of toxic sub- 
stances by exposing vinegar flies {Drusopliitia ntelunoguster 
Meig) to the dry residue obtained from crop extracts (Ed- 
wards etui., 1957), 

Metabolite Studies in 1968. Chemicals Used. Soil 
and crop extracts from aldnn treated soils were compared 
with analytical grade aldnn, dieldrin, photo-aldrin or the 
photo isomer of aldnn (l,l,2,3,3a,7«-hexachbro-2,3,3<3,36,4,- 
6a, 7,7a ■ ociahydro- 2,4,7 - metheno - 1 H- cyclopenta (a)- penta - 
lene), photo-dieldnn or the photo isomer of dieldrin (1,1, 2,3,- 
3o.7o-hexachloro-5,6-epoxydecahydro- 2,4,7 -metheno- 1 H- cy- 
clopenta(o)-pentalene), "aldrin-OH 1 * (6,7-rra/ii-dihydroxy- 
dihydro-aldrin or truns-uldrin diol) a metabolite obtained by 
Korte and Arent (196?) from rabbit urine after oral adminis- 
tration of dieldrin, and dicarboxy) aldrin (i, 2,3,4.10,10- 
hexaehloro-6,7-dicarhoxyl-l,4endn-5.8-exodime[hano-l.4,4«,- 
5.6,7,8.8u-octahydronaphtha!ene.) These chemicals were 
obtained through the courtesy of the Shell Chemical Company. 

Soil and crop extracts from heptachlor treated soils were 
compared with analytical grade heptachlor, heptachlor 
epoxide, chlordene (4,5,6,7,8,8-hexachloro-3<i,4,7,7«-tetra hy- 
dro-4,7 endomeihanoindene), chlordane (re and y isomer) 
(2.3,4, 5,6,7. 8,fi-octachloro-2.3.3a,4.7.7«-hexahydro-4,7-enda- 
methanoindene). nonachlor(delta-trichloro-chlordene)(l,2,3,- 
4,5,6,7, 8,8- nonachloro-2,3,3ti,4, 7, 7o-hexahydro -4.7-endo- 
methanoindene). All these compounds were obtained 
through the courtesy of the Velstcpl Chemical Corporation. 

To determine the toxicity of these various compounds, 50 
vinegar flies were exposed in each of two bioassay jars to the 
dry residue of 20 *jg of each of these chemicals. Approximate 
50% mortalities were obtained with aldrin or dieldrin in 2.5 
hours, photo-aldrin in 1.5 hours, photo-dieldrin in 2.5 hours, 
heptachlor or heptachlor epoxide in 1 hour, ar-chlordane or 
7-chlordane in 3 hours, nonachlor in 16 hours, and chlordene 
in 24 hours. No toxicity effects were obtained during a 48- 
hour exposure period with "aldrin-OH," dicarboxyl aldrin, 
and "1-OH chlordene" (l-hydroxy-4,5,6,7,8,8-hexachloro-3o,- 
4,7,7«-tetrahydro-4,7-endomeihanoindene). 

Soils, Qualitative Measurements. Soil samples collected 
in October of 1968 were examined for the presence of metabo- 
lites that could have been produced in addition to dieldrin or 
heptachlor epoxide. Tests were also conducted to determine 
the presence of compounds that could have remained in the 
soil after application as impurities in the original insecticide 
formulation. Soils were extracted in a homogenizer with re- 
distilled acetonitrile (2 ml per gram of wet soil), followed by 
concentration of the extract to 0.2 ml at 25° C. in a flash 
evaporator. One fifth of this concentrate, usually represent- 
ing 40 grams of wet soil, was then analyzed by thin-layer 
chromatography (TLC). The concentrate was spotted on 
aluminum oxide C coated glass plates (5 X 20 cm), 2.5 cm 
above the lower edge. Chromatograms from aldrin treated 
..oils were developed with isooctane-pyridine (7 to 3) or with 
isooctane-diethyl ether (7 to 3), while those from heptachlor 
treated soils were developed with isooctane or with cyclo- 
he.xane-ethylatelate (7 lo 3). The separated compounds 
were visualized b> sprasmg with reagents as described by 



Mitchell (1957) and subsequent exposure to ultraviolet light 
for 10 minutes. 

After the first thin-layer chromatograms had been de- 
veloped, the same spotting procedure was repeated except 
that two portions oT the concentrate were spotted side by side. 
After development of the chromatogram, one half of the 
plate was covered with aluminum foil and the other half 
sprayed and visualized as described. The foil-covered un- 
sprayed portions of the aluminum oxide C> layers correspond- 
ing to each of the different spots observed on the sprayed side 
of the plate were then scraped off and extracted with a 1 to 
12 mixture of acetonitrile and acetone. Aliquots of these ex- 
tracts (approximately 0.5 ml) were then evaporated to dryness, 
the residue was redissofved in 0.5 ml of hexane followed by 
analyses by GLC. 

The same acetonitrile-acetone extracts were also used for 
toxicity tests with vinegar flies (Edwards et al., 1957) and 
houseflies (Muhca domestic*!, C.S.M.A., 1948 strain). With 
vinegar Mies, aliquots of the extracts representing 36 grams of 
soil were pipetted into bioassay jars and the solvents were 
evaporated in a fume hood. To lest (oxk effects resulting 
from contact with the residue or by vapors emanating from 
this residue, 50 flies were introduced into each of two bio- 
assas jars. Mortality counts were performed at intervals 
during a 45-hour exposure period When houseflies were 
used, aliquots of the acetonitrile-acetone extracts were 
evaporated to dryness, then rediisolved in 0.5 ml of acetone. 
One microliter of this acetone solution representing 100 mg 
or 300 mg of soil was then applied topically to the ventral por- 
tion of the abdomen of female houseflies. Mortality counts 
were performed 45 hours later. 

Kor the qualitative determination of potential water soluble 
metabolites, soil samples were extracted with acetonitrile 
(2 ml per gram of soil). The resulting solution was then con- 
centrated at 45° C. in a flash evaporator to approximately 10 
ml, to which 100 ml of water was added. This mixture was 
(hen re-extracted with three 50-ml portions of hexane. The 
water-acetonitrile phase was evaporated to dryness at 45° C, 
the residue was redissolved in small amounts of acetone and 
spotted on an aluminum oxide G coated glass plate. The 
chromatogram was then developed with isooctane-pyridine 
(7 10 3) and sprayed as described. Aliquots of the hexane 
phase were handled in the same way. Finally, isolates were 
prepared from these plates as described and also analyzed by 
GLC. 

Soils, Quantitative Measurements. To measure actual 
amounts of the various metabolites, soil samples were ex- 
tracted with acetonitrile (2 ml per gram of soil), followed by 
diluting the extract with water (5 ml per gram of soil) and 
partitioning of the insecticidal residues into hexane. After 
the hexane had been dried over anhydrous sodium sulfate, 
it was adjusted lo volume and appropriate aliquots were used 
for analyses by GLC. Added amounts of aldrin, dieldrin, 
heptachlor, or heptachlor epoxide were recovered to an ex- 
tent or 90-95 %. 

Potatoes, QuALrrATivE and Quantitative Measurements. 
Because of minimal analytical interference, potatoes were 
used as the primary lest plant to determine the presence of 
aldrin or heptachlor metabolites in a crop. Potatoes and 
some samples of carrots were extracted with acetonitrile as 
described for soils (quantatitive measurements) and par- 
titioned into hexane. The hexane fraction was then con- 
centrated and cleaned up by passing it through a 10-gram 
F r lorisil (PR grade, 60- to 80-mesh) column using 150 ml of 
15% diethylether in hexane as the eluting solvents. This 
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Table I. Recoveries of Aldrin (A) and Dieldrin (/J) Residues from Sniu =„h r- 

in 1968 on Aldrin-Treated FMd Ptoto ° PS G ™ Wn 



5 X 5« 



_Ajjri n Applied to Soil, Lb /S-Inch Acre 



Soil 

Carrois 

Potaloes 

Beets 

Radish 

Cucumber 



A + D 

i! 860 
129 
0.044 
0.048 
0.085 
0.102 



Recovered in Fall of 1968, P.P M 

%D* CR%S' a + D 

» 0.690 

•00 15.0 0.176 

100 5.1 046 

1<» 56 0053 

100 lo 0.078 

100 12 8 0.122 



15» 

%D 
98 
100 
100 
100 
100 
100 



CR%S 

25.4 

6 6 

7.7 

114 

17.8 



• Results arc averages of duplicate field pints, 

' Dieldrin in per cent of total residue recovered (A +■ D). 

■ CR %S - crop residue in % of soil residues. 



cleaned up extract was concentrated to volume and analyzed 
by GLCand TLC. 

Extracts from potatoes that were grown on aldrin treated 
soils were qualitatively analyzed by TLC using aluminum 
oxide G as the coating and isooctane-pyridine (7 to 3) as the 
moving solvent system. Areas corresponding to R, values 
obtained with dieldrin and photo-dieldrin were scraped off 
the plate and tested by GLC as described. For quantitative 
residue dele rminat ions aliquots of the cleaned up diethylether- 
hexane extract were also analyzed directly by GLC. 
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Figure I. Aldrin plus dieldrin and heptachlor plus heptachlor 
cpoxide residues in soils and their translocation into crops, after 5 
yearly soil applications (1958-62) of aldrin or heptachlor at 5 lbs. 5- 
inch acre 



Extracts from potatoes that uere grown on heptachlor 
treated soil were analyzed qualitatively and quantitatively 
as described. However, isooctane was used as the moving 
solvent for TLC and nonsprayed areas that corresponded to 
all the visualized spots (Figure 4) obtained from potato ex- 
tracts were scraped off the plate and tested by GLC and 
Drosophilia bioassay. 
RESULTS AND DISCUSSION 

Insecticide residue levels in soil;, treated w ih aldrin or 
heptachlor at 5 pounds per acre per year from 1958 through 
1962 are presented in Figure 1 for the 10-year period 195S-68. 
Data for soils, carrots, and potatoes represent the total of 
aldrin plus dieldrin or of heptachlor plus its epoxide. Di- 
eldrin was produced within the soil from aldrin and amounted 
to 50 and 90% of the total aldrin plus dieldrin recovered in 
1959 and 1963, respectively. Heptachlor epoxide was pro- 
duced from heptachlor at a slower rate and reached the 50% 
level in the fall of 1964 and the 90% level in the fall of 1968. 
During the period of annual insecticide soil treatments 
residue levels increased steadily through 1962, when their con- 
centrations in soil amounted to 19% of the totally applied 
insecticide dosage of 25 (5 X 5) pounds per acre. In sub- 
sequent years, when no further soil treatments were performed, 
residue levels declined at a relatively slow rate. In fall of 
1968, 5.3% (aldrin plus dieldrin) and 4.6% (heptachlor plus 
heptachlor epoxide) of the applied aldrin or heptachlor were 
detected in these soils. 

Insecticide residues were also absorbed by crops grown in 
these soils, with carrots absorbing the largest amounts (Figure 
1). Although residue levels in soils increased up to 1962, 
the residue concentration in both carrots and potatoes reached 
its peak during the 1960 growing season. During that year, 
the concentration of aldrin plus dieldrin in carrots was 1.08 
ppm and of heptachlor plus heptachlor epoxide 1.90 ppm. 
Residue levels in potatoes never exceeded 0.30 to 0.32 ppm 
(1960-62) of aldrin plus dieldrin or 0.54 to 0.51 (1960-62) 
ppm of heptachlor plus its epoxide. Apparently a threshold 
had been reached beyond which the content of insecticidal 
residues remained constant in these two crops. If more 
residues were absorbed, they could have been metabolized 
by the plant tissue into compounds that were not detected 
at that time. When insecticide residue levels in soils started 
to decline (1963), both carrots and potatoes also contained 
proportionally smaller amounts of residue. 

For analyses of samples obtained in 1968, both soils and 
some of the crops were extracted by two procedures as de- 
scribed. Results obtained after samples had been extracted 
with a 1 to 1 mixture of hexane and acetone and analyzed by 
GLC for aldrin and dieldrin are summarized in Table I. 
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Tabic II. 



Recoveries of Heptachlor (H), Heptachlor Epoxide; (HO), and 7 -Chloidatio f^-Ch) Nesiducs 
from Soils and Oops 'Jrown in 1968 on Heptachlor-Treated Field Plots 
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0.015 
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013 
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1.19 
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0.130 


100 


18.1 


031 


3.3 
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95 


12.0 


0,022 


2.7 
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100 
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Soil 

Carrots 

Potatoes 

Beets 

Radish 

Cucumber 

■ Formulation contained m addition io one pound of actual heptachlor 0.25-0.3 pounds of -v-chlordanc 
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d Results arc average! of duplicate field plots. 

» Heptachlor epoxide in per cent of total residues recovered (H 4- HO). 

I CR%S * crop residue in % of soil residue. 



Soils that had been treated with aldrin at five yearly dosages 
of 5 pounds per acre contained in the fall of 1962 more aldrin 
plus dieldrin residues than those that had been treated with 
one 25-pound-|>er-acre dose in 1958 (Lichtenstein and Schulz, 
1965). By 1968, these differences had nearly disappeared: 
5.3 and 4.4% of the total aldrin applied were recovered from 
these soils in the form of aldrin and dieldrin. Residues in 
crops were all in the form of dieldrin, but varied in their con- 
centration according to the particular crop. The highest 
dieldrin concentration was found in carrots, followed by cu- 
cumbers, radishes, beets, and potatoes. 

Table 11 summarizes data from analyses of samples ob- 
tained in 1968 from heptachlor treated soils and from crops 
grown therein. The commercial formulations of heptachlor 
used contained in addition to 1 pound of actual heptachlor 
0.25 to 0.3 pound of 7-chlordane and 0.04 to 0.1 pound of 
"other compounds" which are largely in the form of nonachlor 
(Vebicol Chemical Corp., 1967). During the five-year soil 
treatment, a total of 25 pounds of actual heptachlor had been 
applied which also resulted in an application of 6.25 to 7.5 
pounds of 7-chlordane and 1.0 to 2.5 pounds of nonachlor. 
Since chlordane is more persistent than heptachlor (Lichten- 
stein and Polivka. 1959), more 7-chlordane than heptachlor 
and heptachlor epoxide was present in the soil after 10 years. 

In the fall of 1968 heptachlor plus heptachlor epoxide con- 
centrations in soils amounted to 4.5% of the total heptachlor 
applied (Table II). They were similar to concentrations of 
aldrin plus dieldrin in aldrin treated soils. In fall of 1968, 
18.5 and 21 % of the total 7-chlordane applied was still in the 
soil. A total of 32 pounds of heptachlor and 7-chlordane 
had been applied to these soils and close to 8% of that com- 
bined total was recovered from the soil in the form of hepta- 
chlor, heptachlor epoxide, and 7-chlordane. 

Crops grown in 1968 on these soils primarily contained 
heptachlor epoxide and 7-cMordane (Table II). Although 
more 7-chlordane than heptachlor epoxide was present in the 
soil, the amounts of 7-chlordane in crops were only one fourth 
of the heptachlor epoxide concentration. Proportionally 
more heptachlor epoxide than 7-chlordane had been ab- 
sorbed by these vegetables. 

Bioassay procedures with vinegar flies showed that all crop 
extracts from both aldrin and heptachlor treated soils caused 
appreciable insect mortalities during a 48-hour exposure 
period. No mortalities, though, were observed with ex- 
tracts from crops that were grown as controls on insecticide 
free soil. 



Metabolite Studies in 1968 of Aldrin-Treated Soils and 
Crops Grown Therein, SorLS. Qualitative MEASUREMENTS. 

Photographs of thin-layer chromatograms obtained with 
extracts of aldrin treated soils are presented in Figure 2. They 
show the presence of five to seven spots depending on the 
solvent system used. When eluatcs from the area correspond- 
ing to aldrin {R f 0.72) were analyzed by GLC, small peaks 
were obtained with retention times identical 10 aldrin. In 
addition to the originally applied insecticide, dieldrin and 
photo-dieldrin were delected by both TLC and GLC. The 
presence of photo-uldrm could not be confirmed by Cl.C but 
its area contained traces of dieldrin with the isooctane- 
pyridine system. Eiuates from areas corresponding to 
"aldrin-OH" (irans-aldrin diol) were silanized (Ludwig and 
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Figure 2. Thin-layer chromatogram of extracts from soil (A.N), 
treated mlh aldrin at S X S lbs/5-inch acre (1958^2) and sampled 
in 1968 

ST = reference compounds 
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Table III. Toxjrft) to Vine»ar Flies and Houseflies of 
Aldrin Mefabolites Isolated from Soil Extracts by 
Thin-Layer Chromatography 

TLC Solvent System : Isooctane-Pyridine 7 : 3 

i'cr Cent Mortality/4S Hours 
LVosophilu' Muscu* 
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100 my 
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0.72 
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0.12 


Aldrm-OH 














0.04 


7 















• Vinegar flics exposed directly (contact) or to vapors of the dry 
residue of isolates from thin-layer plates, representing 36 grains of 
soil each. 

• One )A of acetone containing the residue from 100 mg or 300 mg of 
soil isolated from thin-layer plates, was applied topically to the ventral 
portion of the abdomen of each housefly. 

• Confirmed bv GLC. 
J 50% in 6 hours. 

• Area contained dieldrin, as determined by GLC, but no photo- 
■ldrin. 

/ 56% in 6 hours. 
» 36% in 6 hours. 



Korte, 1965) prior to analyses by GLC but no *'aldrm-OH" 
could be delected. "Aldrin-COOH" (dicarboxyl aldrin) did 
not move with either solvent system and was not detectable 
by GLC urder the described conditions. Results thus in- 
dicated that the major metabolites detected in the soil were 
dieldrin and photo-dieldrin. With isooctane-pyridine as the 
solvent system, three unknown compounds were found in ad- 



dition to dieldrin and photo-dieldrm. Their ft, values were 
0.26, 0.12, and 0.04, thus indicating more polar properties 
than those of aldrin, dieldrin, or photo-dieldrin. 

Table III summarizes the results obtained after vinegar Hies 
or houseliies had been exposed to isolates from the tlun- 
lajWf plates which hud been developed xviih isooctane- 
pyrtdtne (7 to 3). Spots containing dieldrin were most toxic 
to the insects because of the presence of relatively largo 
amounts of this insecticide. The eluate rrom the area cor- 
responding to photo-aldrin (R, 0.57) exhibited toxicity, al- 
though this compound could not be confirmed by GLC. 
As mentioned previously, dieldrin was also found in this area, 
thus accounting for the toxicity. The isolated photo-dieldrin 
was least toxic because of its much lower concentration in the 
soil. The three unknown compounds of increasing polarity 
(RfQ.26, 0.12, and 0.04) found in aldrin treated soils could not 
be detected in control soils. They were nontoxic to insects 
under the described conditions. 

To detect potential water soluble metabolites, the water 
phase obtained from an acetomtrile extract was investigated 
by TLC and GLC as described. Traces of aldrin and dieldrin 
were found in the water, plus two peaks whose retention 
times were 3.0 and 3.4 in relation to the retention time of 
aldrin. No attempt was made to further characterize these 
two unknowns. 

Soils, QuANTiTATrvL Measurements. Samples obtained 
in 1968 from soil that had been treated with aldrin at five 
yearly dosages of 5 pounds per acre from 195S-62 were ex- 
trated with acetonitrile and contained 0.005 ppm of aldrin, 
0.930 ppm of dieldrin, and 0.015 ppm of photo-dieldrin 
(1.6% of dieldrin). These latter compounds represent the 
two major toxic metabolites in addition to the three un- 
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pounds 
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identified and nontoxic compounds which appeared in soil 
because of the original aldrin application. 

Potatoes and Carrots, Qualftatise and Quantitative 
Measurements. Potatoes contained dieldrin (0.047 ppm) 
and photo-dieldrin (0.0006 ppm) which amounted to 1.3% 
of the dieldrin concentration. "A!dnn-OH" and "aldrin- 
COOH" did not pass through (he florisil column with 15% 
diethyleihcr in hexane and could therefore not be detected. 
Analyses of carrots by TLC was inconclusive because of the 
presence of interfering substances. Analyses by GLC, 
though, showed the presence of dieldrin (0.133 ppm) and 
photo-dieldrin (0.002 ppm), which amounted to 1.5% of the 
dieldrin concentration. 

Metabolite Studies in 1968 of Heptachlor-Treated Soils 
and Crops Grown Therein. Soils, Qualitative Measure- 
ments. Results obtained by TLC with extracts from hepta- 
chlor treated soils are presented in Figure 3. With iso- 
octane as the solvent, spots were obtained whose R f values 
were similar to those secured with reference grade chlordene, 
heptachlor, cr-chlordane plus nonachlor, 7-chIordane and 
heptachlor epoxide. In addition, three unknown spots [R f 
0.08, 0.48, and 0.60) were observed. With cyclohexane- 
ethylacetate (7 to 3) as the solvent system 1-OH-chiordene had 
an Rj value of 0.21 while all the other compounds did not 
separate, yielding one spot \,R, 0,8V) that corresponded to 
heptachlor epoxide reference compound in Figure 3. Three 
unidentified spots (.V,, X., and X t at R f QM, 0.34, and 0.43) 
wire visualized with this solvent system although they may 
not have been identical to those obtained with isooctane as 
the solvent. To separate a-chlordane from nonachlor. an ad- 
ditional thin layer chromaiogram was prepared from hepta- 
chlor-treated soil. The chromaiogram was also developed 
with isooctane but the unsprayed area corresponding to a- 
chlordane plus nonachlor was removed from the plate, ex- 
tracted with acetonitrile and re-spotted onto a second thin- 
layer plate. This chromaiogram was then developed with 
2% diethyl ether in isooctane and resulted in a clear separa- 
tion of ot-chlordane and nonachlor, thus confirming the pres- 
nce of these two compounds in ihe soil. 

Analyses by GLC of extracts from isooctane developed 
thin-layer plates confirmed the presence of heptachlor, 
nonachlor, a-chlordane, -j-chlordane, and heptachlor epoxide 
(Table IV). These extracts were also toxic when tested with 
vinegar flies and houseflies. The lower mortalities observed 
with houseflies probably resulted from the fact that equiva- 
lents of only 100 mgof soil were applied per fly. Extracts ob- 
tained from the areas of the unknown compounds were non- 
toxic to the insects. This data, therefore, indicates that after 
the application of a heptachlor formulation to soil two toxic 
metabolites (heptachlor epoxide and a-chlordane) and three 
nontoxic compounds were formed, indicating the breakdown 
in the soil of heptachlor and related compounds. 

TLC of the water-acetonitrile phase, obtained by an 
acetonitrile extraction of soils as described, revealed the 
presence of one spot (R f 0.00) which was not comparable to 
spots obtained with any of the reference materials used. 
The hexane phase, though, contained all the other previously 
described compounds. 

Soils, Quavtitatjvi Measurements. Soil samples from 
plots that had been treated wiih heptachlor at 5 pounds per 
acre per year o^r the rive-year period I95S-62 were also ex- 
tracted with aectomirile and analyzed quantitatively as de- 
scribed. Concentrations of 0.105 ppm of heptachlor, 511 
ppm of hcptiurhlor epoxide, 0.7M ppm or y-chlordune, 0.092 
ppm of a-chlord.un . and 047 ppm of nonachlor were 'found 



Table IV. Toxicity to Vinegar Flies and Houseflies of 

Heptachlor Metabolites Isolated from Soil Extracts by 

Thin-Layer Chromatography 

TLC Solvent System: Isooctane 
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0.30 


7-Chlardane' 


100<< 


100 


11 


0.16 
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100* 
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0.05 
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' Vinegar (lies exposed directly (contact) or to vapors of the dry 
residue of isolate!; from thin-layer plates, representing 36 grams of soil 
each, 

* One jj! of acetone containing ihe residue from 100 nig of soil tso- 
ljied from thin-layer plates, w,is applied topically to the ventral por- 
tion of ihe abdomen of each housefly. 

' Confirmed by GLC. 

"73% in 6houis. 
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Fijrorc 4. Thin-layer chromato- 
firam of extracts from potatoes 
Rronn in heptachlor treated soil 
(Hs). Solvent: isooctane 

ST = reference compounds, 
CK — extract from potatoes 
grown in insecticide free soil 



Potatoes, Qualhati\e and Quantitative Measure- 
ments. Figure 4 is a photograph of a thin-layer chromuto- 
gram obtained with an extract from 72 grams of potato tissue. 
Accordingly, four spois were found which had R f values 
identical with those obtained with reference grade heptachlor, 
a-chlordane plus nonachlor, 7-chlordane, and heptachlor 
epoxide. Isolation of these spots and analyses by GLC as 
described resulted in peaks that were identical with reference 
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grade heptachlor, -y-chlordane, and heptachlor epoxide. 
Small peaks, indicating trace amounts of both a-chlordane 
and nonachlor were also found. These results are qualita- 
tively similar to those obtained with soils, except that the three 
unknown compounds recovered from soils were not found in 
potatoes. 

To test the biological activity of these compounds, vinegar 
flies were exposed to isolates from the thin-layer plates. All 
four spots exhibited some toxicity. After a 48-hour ex- 
posure period, mortalities amounted to 8% with isolates 
from the heptachlor spot, 52% with isolates from the a-chlor- 
dane plus nonachlor spot. 64% with isolates from the 7-chlor- 
dane spot, and 100% with isolates from the heptachlor epoxide 
spot. Exposure of flies to isolates corresponding to R f 
values obtained with chlordene and "1-OH chlordene'" did 
not result in insect mortality. 

Quantitative analyses of potatoes showed the presence of 
0.002 ppm of heptachlor, 0.004 ppm of a-chlordane, 0.002 
ppm of nonachlor, 0.015 ppm of -y-chlordane, and 0.054 ppm 
of heptachlor epoxide. 
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The single major photoproduct which has been obtained on 
exposure of heptachlor epoxide [I, Fig. 1] in acetone solution to 
ultraviolet light or as thin films to sunlight or a germicidal 
lamp (1,2) is reported to be the half-cage isomer [IIIA](2), al- 
though the isomeric structure [IIIB] also merits consideration (l). 
Under the same conditior.3, cis -chlordane [IV] yields a photo- 
product which is considered to be the half-cage isomer [VA](2) or 
one of the two isomeric structures [VA or VB](l). In contrast, 
no half-cage photoisomers have been icolafced following exposure of 
• -- ■-.-.: - 1] or t rans- nonachlor r '.TII] to photolytic 
conditio;.; v 1 , 2 , j , -- ) - With these * - - .-'pounds, the orientation 
of the chlorine atom or. the "ir^r carooji of the cyclopentanc 
ring towards the double - - -nitly pre 1-'-; ■ LO.-ircg at this 
position (1). 

This paper describes the nature and toxicity of three novel 
photoiso- ■;.-,■ •:.-.■'.- . tacfalor epoxide, trans -chlordane , 
and ll".i^"-c;,:: -.-! :: -- .■ to sunlight as deposits on bean 
foliage, in the presence of rotenone (5), and to ultraviolet 
light as solutions in acetone . The conversion of heptachlor 
epoxide to the half -cage i sorter [IIIA or IIIB] involves an inter- 
mediate [II] which has been isolated and characterized. A new 
photoisomer of a novel type has also been obtained from each of 
trans -chlordane and trar.s -nonachlor . 

Materials and Methods 

Reference chemicals, analytical procedures, and toxicity 
tests . Reference simples of cor-" ■; I, III, IV, V, ', 1 . 
Mil :■■:. >. ■ :,.j. -..;■ :-. ?. : - elslcol Ch«" , *.o.->.i 'or?., 
Chicago, 11-... ' 01* pnotoproc '.--v.- -.-.is nonitored by 

thin-layer chromatogrtii..-'.y ^TLC) on silica gel Fgc^ chromatoplates, 
using petroleum ether-chloroform mixture (3:1) for heptachlor epox- 
ide and its photoproduct s, petroleum ether for • 1 : --'■:.) -dnne mil 
photo-cis-chlor^a.:e, haxaaa-ether mixture (k:l) for uass- 
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-_'-•?'■-- Lde [I] i cia -chlordane [IV], 

trans- ehlor.. l}, -.: •s..-.j -.-.or.ach.lor [VIII] and some of their 
possible photoproducts 
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ci 



CI 



trons-chlordone HE) ;,: afc-^c-s-chlordane (M) 



Cl^Cl 




M? 



trons-nonachlor (EE) phofo- trons -norachlor (IZ) 



chlordane aud I--; photoproduct, and hexane-ethyl acetate mixture 
(20:1) for t^ns-nonachlor and its photoproduct. Gas-liquid 
chroraatog. ■ • ; -, ^. n x i/a_ in ID 

glass column ;o (viscosi'. i ide 12,500) on 

80/lOO-mesh Gaa-Chrom Q with an injection temperature of 225°C 
and a column and detector temperature of 200°C. Retention times, 
in minutes, with a nitrogen flow rate of 60 ml/rain for the 

,-nated compounds were: I - 9.1; II - >120; III - 12 3; IV - 
12.0; V - 19. U; VI - 10.7; VII - 2U.2; VIII - 12.7; IX - 20.8. 
Hexadeuterodinethylsulfoxide was the,rriraary solvent u.jed for the 
proton mejx.etl:: re: i *■ ■..■,-; nucl=ar magnetic 

« - , pentadeuteropyridine and 
deuterochlorofcrm were also used. The toxicity of the compounds 
was determined on adult female houseflies of the SCR insecticide- 
susceptible strain and on male white mice of the Swiss-Webster 
strain. The files were used 2-5 days after emergence and they 
were treated topically, on the thorax, with 1.0 Ml of an acetone 
solution of the test -ompound; mortality determinations were made 
^8-hour s after treatment. Also, toxicity assays were made with 
flJes pretreated with 5 Mg of sesamex synergist dissolved in 1 pi 
of acetone and applied to the thorax 1 hour before application of 
the test ecrnpoued. The mice, weighing approximately 20 g, were 

o:' the test compound j mortality determinations were made 1+b-hours 
later. 

"iration and iscl?.-j -- of photoproduct s . The rhotochemi- 
js consisted of -watt, high-pressure, I >■ -r;. - 
vapor lamp placed in a water-coulei, double-walled, clear, fused- 
quartz immersion well. The radiant energy reaching the sample 
was restricted by a pyrex absorption sleeve which blocked 
radiation below 280 nra. The cyclodienes (about h g in I65 ml of 
acetone) were irradiated for the respective times necessary to 
achieve resspna" I2 " J .^l'<! of *: ■ ; ■- , - ve -r.„ 

- - -: '- Wi:.h • s .'.lor 
epoxi*;.;. the irradiation was for 2 hours, followed by chromato- 
graphic removal of photoproduct II feluted with chloroform-hexane 
mixture (2:1)] and recovery of a mixture of unreacted material and 
photoproduct III [elut.ed first with hexane-chloroform mixture 
(U:l)]. The mixture of heptachlor epoxide and photoproduct III 
was irradiated again for 2 hours, followed by removal of photo- 
product II; this overall procedure was repeated two more times in 
order to accumulate photoproduct II (an intermediate in formation 
of photoproduct III). Finally, heptachlor epoxide [I] was 
separated from photoproduct III by taking advantage of the low 
soluoilitv of Photoproduct III in cold ether. [The final yields 
-'- teptachlcr ■ »:-;idej 1*9% photoproduct II 

(m.p, Ij .5 - 131.5 "C, from caiLro:'orm-hexane); 26% photoproduct 
III (m.p. 208 - £09°C, from chloroform-hexane).] ^ .-".:! _ ,■ . 
solutions were Irradiated for 1*8 hours and the phc roduc: „ u 
separated on Florisil, ■ -.■>*- roleum ether for elution and 
repeating she column purifica.-.i; to obtain pure material (76%, 
m.p. 11+8-5 - 151 C, from hexane.) and unreacted cis-chlordane (18%). 
trans-Chlordane was converted to its photoderivative by the same 



general pre ..-_-. ^ .. r -.. - the : ire product waj cbtA-r.ed afte* > 
passage through Florisil with - — i ether (12$, in. p. loS.5 - 
170°C, fron hexane). (Becovery .' us: »ac i trans -chlordane was 
lh\c) trans- Uonachlor vas phot ode .:omposeu ' ■ the ciste general 
procedure but three passages through the ELorisil eoi r. were 
required to separate unreacted trans -no nachlor (70$) from : loto- 
product IX (6$, m.p. 151+ - 155 -5°C, from hexane). 

Groups of yoking bean plants were sprayed to run off with a 
methanolic solution of the cyclodisne (l$ w/v) with or without 
added rotenone (1$ w/v), a potential photosensitizer (5,6). After 
exposure to sunlight for k hours, the plants were rinsed with 
ether and the rinses were subjected to TLC and GLC analyses. 

Results 

Fhotoalteration on plant surfaces - The conversion 
efficiencies of the designated cyclodienes, exposed or. rotenone- 
treated bean leaves to sunlight for U hours, were estimated from 

an-! T*.: a -v." ~ fellows: 50 - 60$ II and 1$ III 

frcr, 1; . - . .':..- _".; _~ - 20$ VII from VI; IS - 20$ 1% 
from VIII. The photoproducts from the plant surfaces are identi- 
cal (TLC, GLC, IE, and MS) with the-* fo. i- acetone solutions 
exposed to ultrvirlet light. ;.' ■ '. _- photoproducts were 
formed ir. •. -of rotenone as a photosensitizer; so, the 
reactions on plant x'oliage are dependent on the presence of the 
photosensitizer. 

_ ' . -e of two photoproducts derived from heptachlor cv-:xide . 
One of the heptachlor epoxide photoproducts [II] is a precursor 
for the other one [III] because photoproduct II converts to 
photoproduct III (identified by TLC, 'GLC, IR, and MS) in 70$ 
yield when it is expeced in acetone solution to ultraviolet Li — •. 
for 2 hours. Cn bean leaves exposed to sunlight, rotenone 
sensitizes the conversion of heptachlor epoxide to photoproduct II 
fc-it r, -"■ the conversion of II to photoproduct III; thus, there is 

ild-up of photoproduct II from heptachlor epoxide in the 
presence of rotenone, whereas photoproduct III is formed in 
significant anounts only after prolonged exposure. Direct 
exposure Of photoproduct II to sunlight on plant foliage results 
in its slow conversion to photoproduct III, but a small amount of 
photoproduct II remains, even after ? days. 

Fhoteproduct II contains a ketone group (IR) and it is 
isomeric with heptachlor epoxide and photoproduct III ' :-I -:- - 
analysis, MS). One possible isomeric structure [X] is not 
appropriate because neither of two epimeric chloro compounds 
formed on reduction of photoproduct II to an ale oh -1, followed by 
chlorination, is the same as 6-chlordane [XI]. However, the 
spectral properties (IR, PKR, x 3carbon-NMR, MS), of each of these 
!erivatives inl cf the photoproduct itself, are consistent with 
the designated structure for photoproduct II. In particular, 
three protons (Hp, H^., and H-7 a ) of photoproduct II have similar 
chemical shifts and Splittings in the FUR spectrum to tho.se of 
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CI-SkT^ 
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5-chlordone(2I) 



xn 



XE 



■ : .' ■ ■■■.-; -. cone [XII] of known 
structure . ,,; alsQj z:.e IS and u'V spectral absorptions due to the 
0.,9-ur.saturated ketone grouping are similar for the two compounds. 
The hexachlorocyclopentane moiety in photoproduct II is clearly 
indicated by an AB pattern in the F!3 . un due to two protons 
(Hr and H,-) and by a prominent pentachloro-ion [xiIlKn/e 236) in 
the MS of the alcohol and two chloro derivatives. The ^carbon 
NJ-!R spectrum of photoproduct II is also consistent with 
structural assign-ant; it shows resonances at the following 6 
value. eld frOffl tetrad " ■ : 57.7 and 62-3 Ppm, each 
resulting from two -J caroon nuclei; 7; . 7, 76.2, 99-9, 138.2, 
I65.3, and 198.6 ppm, each due to single 13 carben nuclei. 

--- : III is identical to the compound previously 
dea : - \-i-2)i for which structure 1IIA {1,2) or structure IIIB 
(1) has been proposed. Structure 1 113 is preferred for phcto- 
crcduct III because rc-ton EL- resonates at relatively higher field 
ir. -he BS sj ■ photoproduct than in spectra of 

related half-cage structures whereas the corresponding signal for 
the alcohol derived by NaBH^ reduction is at lower field. This is 
in accord with the anisotropies of the car bony 1 and hydroxyl 
groups. The structure designated [IIIB] for the photoproduct is 
also' preferred to She alternative structure [IIIA] on the basis 
of a possible intramolecular hydrogen transfer mechanism in the 
conversion of photoproduct II to photoproduct III. 

Natu re of photo-trans-chlordane [VII] and photo~tran£ - 
nontcr.ler IX] ■ Fhoto- trans -chlordane is an isomer of trans - 
chlordane and photo-trans-nonachlor is an isomer of trans - 
nonachlor (elemental analysis, MS) . In each case, a typically low 
field singlet in the FMB spectrum and the lack of IB absorption 
due to a di substituted dichloroethylene grouping indicate that the 
photoisomers have half-cage structures. Formation of these two 

;rj prcsusls clr-.'l" relative to + he rate of photobridging 
tec ■-■--:. o-s-chloruane, possibly ■•■.-.■; ?. Less-accessible 
hydrogen needs to be abstracted for bridging with the trans 
compounds; bridging to the central carbon of the cyclopentane ring 
is precluded by the endo-configuration of the chlorine substituer.'. 
(l). The FMR spectrum of photo-trans-nonachlor shows it to have 
structure [IX]. Fhoto- tr-ins -chlordane gives a closely related 
F-3 spectrum which establishes the similarity of these two photo- 
products and, in addition, shows the presence of a methylene 
rrour: so, I". ; so* - ■■ ■■ - • ; . u\t:uie, t;u bridrin* Oc •: ; -..- shot*:: 



in structure [VII]. 

Toxicity of the phctoisor-ers . The two photoisomers [II and 
IIIB] of heptachlor epoxide differ markedly in their toxicity to 
houseflies and, to a lesser extent, mice (Table i). It ia 



TABLE 1 
Toxicity of C\ clodienes and Photoisomers 



Compound (See Fig. l) 



Hou 


sefl^ 


Lf '" 




Without 


With Sesamex 




Synergist 


Pre 


treatment 


Mouse 


- 




7 


18 


>2500 




>2500 


36 


2 




1 


6 


15 




is 


30 


32 




gg 


20 


22§ 




250 


130 


>2500 




>2;:c 


>i.; : 


75 




K 


>500 


550 




U25 


- 



A ■ . - f'-x-ie c-. 

r.isto-heptaehlor epoxide [II] 

Photo-:..;- ■. r.lor epoxide [IIIB] 
:is -Chlordane ".' 

.o-ris-chlordane [vj 
trans --. .1 . . 1' 
Fnoto- trana -chlordane L'^II] 
trans -Nonachlor [VIII] 
Photo- trans -nonachlor [IX ] 



that the two-step pathway for heptacHlor epoxide 
• --:erization shown ir. Fig. 1 initially involves conversion 
of the toxicant to an intermediate [II], which has a reduced 
toxicity to mice and which is completely nontoxic to houseflies, 
and tner. to the end product [IIIB], which is more toxic to flies 
and mice than the parent heptachlor epoxide [I]. Photo- cis - 
chlordane [V] is approximately half as toxic to flies as the par- 
ent cyclodiene tut it is slightly more toxic than ci_s-chlordane 
to mice, i not o- trans- chlordane [VII] and photo- ira:.^ -t;onachIor 
[IX] are essentially nontoxic. Pretreatment with sesamex has 
little or no effect on the toxicity of these compounds to house- 
flies ^ Table l) . 

Hi ?^U7<5ion 



Ths results reported uere ■-■- ab±i .:i several novel types of 



t.z- ;ti ansfe :" ■-' 1 as for r>*thano- bride ■ : ' '■■■■■ Insecticide 

lj. Het' ■ ' ■>-.:■ " la : - .'/ert.: to a ecs; pousi viih an 
a,;-u;..:- ::.:■■:.■ --. . ' ' ; and a dichloroethane moiety, 
sibly by intramolecuj .nsfer of two hydrogen atoms. a« two 
new functional groups get. • ■ -* -ridge for:-- - I hrougb. 
transfer of one hydrogen a'. ilf-cage structure. 

To the z%z~ " wledge, compara-'-o : v:\ chemical reactions 

havs ' dously for related compounds. A por- 

tion of -:.i final photoii- say arise from photoreact ion(s) 
of hegtarhlt- epoxide not involving the identified intermediate, 
but the studies were not designed to test this possibility. The 
transforations occur ing with trans -chlordane and trans -nonachlor 
appear to be novel, also, because the half-cage products contain 
a" four-membered ring system rather than the five-membered ring 
systea present in the 'naif-cage products derived from related 
cor.;o*r;ds. 

The photoisomers of he] ?toxide, cis -chlordane, trans- 

chlcrdar.e, and ::■-: -..- -:, .- ... •- - ■: probably of little importance 

.a significance of environmental residues associ 
-,-i ■. i neptachlor and chlordane as ir-?ec ; ': ■ ifiemieals. 
The photoisor^er ■ "el to form in appreciable amounts 

in the enviror.:.. -:'.'.■ ~:.L . i It'"." phot ©sensitizer is present. 
p^'-fcar, these studies suggest that the small quantities of photo- 
i?. - ■ r .-:.::■■ ." night occur do not pose a hazard, from a 
toxic-lc^.jil _ ......_r.*.. 

AcHnowl"i — '-?"t 

This research was supported, in part, by grants from tne U.S. 
"■;-"-' • ^eelt ■ Pervi ■ ' nrant ES 0OOU9), the U.S. Atomic Energy 

:r . ;. r: . - -3U, Project 113], and The Rockefeller 

Foundation. The authors thani: Louis Lykken, Judith Engel, Eugene 
Bellet, and Sarjeet Singh of this laboratory for valuable assist- 
ance and advice during the course of these studies. They give 
special thanks to Charles Reilly and Dick Willson, Shell Develop- 
ment Co., Emeryville, Calif., for assistance in the magnetic 
resonance studies. 

F o •.'■'." -2 r--es 

1. BENSON, W. R., LOMBARDO, P., EGRY, I. J., ROSS, R. D., JR., 
BARRON, R. P., MASTBROOK, D. W., and HANSEN, E. A., J. Agr. 
Food Chem. 12, 85? (1971) 

2. FISCHLEK, H.-M. and KCETE, F., Tetrahedron Letters 3£, 2793 

(1969) 

3. VOLLNER, L. } KLEIN, W. , and KORTE, F., Tetrahedron Letters 3U, 

29o7 (19*39) 

U. VOLLNER, L., PARLAR, H., KLEIN, W., and KOTCS, F., Tetrahedron 

£X, 501 (1971) 
<;. :V1S, G. H. and CASIDA, J. E., Science 16J, 1620 (1970) 
. IVIE, G. W. --.: . i :ASTDA, J. E-, J. Agr. Food Chem. 12, U10 

(1971) 
7. COCHRANE, W. P., J. Assoc. viTic. Anal. 2\iy- . __, 



PHOTO-DECOMPOSITION PRODUCTS OF HEPTACHLOREPOXIDE 

Charles F. Hammer 

Department of Chemestry 

Georgetown University 

Heptachlor epoxide is a metabolic and environmental oxidation 

product of a widely used pesticide, heptachlor, as shown below, 

HEPTACHLOR CONVERSION TO HEPTACHLOR 

EPOXIDE 




The epoxide is about three times more toxic than the original 
pestipide (see Table l).it is unstable to sunlight, being con- 
verted in about 90% yield to a stable isomeric ketone, II, that 
is about seven times still more toxic, or approximately twenty 
times more toxic than the original heptachlor. The remaining 
10% is converted to an unstable {and relatively nontoxic) unsat- 
urated ketone, III, which on further irradiation is converted to 
a third isomeric ketone, whose structure may be IV. No toxi- 
cology studies have been done on IV yet. The following figure 

shows the structures of these compounds. 
HEPTACHLOR EPOXIDE -H^ ^Cl 

PHOTO- DECR ADA TION 
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A summary of the toxicity of heptachlor and its degrada- 
tion products is shown in Table 1. 

Table 1 

Toxicities of Heptachlor and its Derivatives* 

LD 50 , mg/Kg 

housefly mouse 

(applied with Sesamex) 

Heptachlor (II) 2 2* 

Hetachlor Epoxide (I, HE) 7 18 

Heptachlor Epoxide Ketone (II,HEK) 1 6 

HE Intermediate Ketone (III HEI) > 2500 36 

HE isomeric Ketone (IV, HEIK) ? ? 



*G. W. Ivie, et al., J. Bull Environ. Contain. Toxicol., 
7, 376 (1972) 

**Converted from % kill data on II and HE given by E.P. 
Lichtenstein et al., J. Agr. Food Chem. , 18 , 100 (1970) 

Previous workers have observed that I was unstable to UV-light 

irradiation. Fishier and Korte (Tetrahedron Letters, 3_2, 2793 

(1969) isolated one ketone and suggested II (where C g CIand H are 
inverted) as a possible structure based on the known photo products 
of other similar type pesticides. In another report Benson et al. 

( J. Agr. Food Chem. , 19 , 8 57 (1971) , suggested the product to be 
either II (CpCI and H inverted) or IV, based on the spectral 
data . 

In an independent study, R.E. Graham, R. Burson, C.F. 
Hammer, L.B. Hansen and C.T. Kenner (publication submitted) 
isolated II in about 90% yield and III in about 10% from GLC of 
the UV-light irradiation of I in solid KBr . They further showed 
that III is unstable to further irradiation and goes to IV. 
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This paper will present the NMR data that provide the final 
proof for the absolute structures of II and III. As yet we 
have not obtained sufficient amount of IV for good NMR spectra. 

A brief summary of other spectral data is in order. The 
mass spectra of compounds I through IV show parentions at 
irt/e 386 showing the isomeric formula of C. -II,.OCI_ . The UV 
spectra of II and IV are consistent with the nil* transition 
of a saturated ketone while the UV spectrum of III is correct 
for a^yS -unsaturated , 5-membered ring ketone having a^J -sub- 
stituent . 

The IR spectra, of II, III and IV in KBr show three dif- 
ferent types of carbonyl stretching frequencies, as shown in 

Table 2. 

Tabic 2 
lit C=0 and C°C Stretching Frequencies of II, III, and IV 

. ; . .... . \ 

I nt c rpr c t at 1 on 

j ■ 

5,5-bicyclic ketone 
<*,/? -unsat'd 5-ketone 
5 ( 6-bicyclic ketor.e 

If we assume that the oxygen of the epoxide function of I 
will probably remain at either positions 3 or 4 , then we can 
surmise that II and IV are probably bridged structures as pre- 
viously suggested. The problem , however, becomes on of proving 
which product has the structure corresponding to II or IV and 
what are the absolute stereo-chemistries of the hydrogens of each, 





• 


■V c =o 


^C=C 


} •• 


II 
III 

IV 


1775 cm" 1 " 

1700 

1745 


' 1675 



Hammer - 4 



Let us deal with the simplest structure first. The most 

reasonable structure for III is the one presented in Figure 2. 

Note that the overall conversion of I to III represents an internal 

oxidation-reduction where the hydrogens located on C- and C„ of 

I are transferred to the original double bond of C„ = C q . 

The NMR spectrum of III confirms this structure but does not 

prove the stereochemistry of II D and II Q . Further high re- 
ts y 

solution work is required. 

Figure 3 shows a single scan of 4.0 mg (our total sample) 
run on an HR-220 MH z NMR spectrometer. The peak at low field 
is the impurity solvent (CHCI 3 in CDCI.,) peak. The doublet 
(J = 2H z) at 6.4 ppm is assigned to II*. II g and II g are an 
AB quartet (J = 9 + . H z) at 4.47 and 4.43 ppm. II, is a doublet 
(J = 2 H z) of a doublet (J = 9-H z) at 4.11 ppm and II„ is a 
doublet (J =9~Hz) at 3.68 ppm. While the overall structure is 
confirmed it is not possible to determine which of the four pos- 
sibilities for H„ , H n is correct. 

o y 



a 



a- 






d 









6%, 
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Although one can argue the J = 9 Hz means cis, and that 
since there is a chemical shift difference of H g and H g , they 
must be located on the side closest to the anisotropic effects of 
the 





V 




»>c» ivjo tfi ' . nor /co 

■ i ■ - ' ' ■ 



The NMR spectral studies of II are much more satisfying 
because both the 4,9 location of the bridge and the absolute 
stereochemistries of the hydrogens can be proven. 

A spectrum of II in CDC I., gave four peaks in which the 
H Q and IL hydrogens were overlapping, even at 220 MHz. The 
spectrum in C,D fi , however (shown in Figure 4), was shifted with 
H and H,. now 0.36 ppm apart. H„ turned out to be a singlet 
at this resolution and H c was now a doublet of a doublet with 
J" s of 2.2 and 1.7 Hz. 
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rt 



> 4 *m** 



I "^fc'Uii H 







. •■;• 



p . t m, 1 1 



H< 



II 



;i_r i _ii* r [" i ■ ii i - 1 i **«' i i . ** — ~t* fc — ■' 
too ■ *3° t/i roo 






\\ r was an 8-line pattern of a doublet of a doublet of a doublet 
6 

with J's of 6.0, 2.6, and 1.7 Hz. Partial decoupling of 11- 
removed the 1.7 Hz coupling. H_ was assigned to the highest field 
hydrogen because it was a doublet of a doublet with J's of 6.0 
and 2.3 Hz. This left H. as a simple quartet of J - 2.3, which can 
be expalined only if H is coupling to three other hydrogens with 
similar coupling constants. Indeed, the extra couplings were 
found in H r (2.2), H, (2.6) and H_ (2.3). As the resolution 

DO i. 

at 220 MHz was only about 1.2 Hz, these couplings would not be 
resolved. Two of these are virtual-type coupling to which we 
will return later. 

But which bridged structure is correct and what is the con- 
figuration of the H„ in II or Hq in IV? An examination of Dreiding 
models (drawn below) reveals that if II is correct and H„ is inside 
the "cage" then H,. and H„ are located about 1.1 A apart and H fi 
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should give a 40 to 45% NOE enhancement when H,_ is irradiated. 



far) 





--a 



JLI* T.!«t 



II* T-M 

D Decoupling on the 220 instrument is difficult, hence a 



lOOMNHz instrument was used. While H and H now overlapped 

H n and H c were far enough apart (36 Hz) to make the ex- 
is 5 

periment possible. No effect was observed, however, and the 
experiment was negative. This result could mean that structure 
IV is correct, although negative NOE ' s do not offer conclusive 
evidence. Moreover, the much higher resolution of the JEOL 100 MHz 
instrument showed that H was not a singlet but was instead a 
doublet with J = 0.32 Hz, another "virtual coupling. 

The commonly accepted explanation of virtual coupling re- 

ff ft 
quires a \/\/ or "zigzag" configuration of the two hydrogens, 



in which the bonds are essentially coplanar, as shown below. 



I 

\ 

I 
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IRTUAL COUPLING 




BhROU&H 4 fiovos f _ •^>'-CK&ITAL OV//UA? 

_*. J*'0 . .', ', J>0 ■ .. . 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



V + -32 




J4.6-i-2.57 



-2.24 



Thus H D could be virtual-coupled only if it is located out- 

8 

side the cage (one would not expect an NOE effect here) . The 

problem reduces to a simple one. If II is correct II R must be 

coupled to H, , whereas in IV it would be coupled to H_ . Yet at 

100 MHz, H„ is not resolved from H. in C_D,_ or in CDC1,. In 
2 4 6 6 3 

addition, we had only a 5 mg sample left. Resolution was made pos- 
sibleby a fortunate circumstance. I was in Tokyo at that time and 
was permitted to use JEOL's new bread-boarded H-ET system with 
a time-shared decoupling capability. 

I prepared the sample in a microtube, left it with the 
technician, and left to run spectra on another instrument. Find- 
ing that the microtube would not work, he replaced the sample in 

another tube, mistakenly diluting it with d. -acetone, I 

b 

was grateful for this mistake, since even at 100 MHz H and H 2 were 

completely resolved. A summary of these interesting solvent 

shifts is shown below, (next page) 

The 1 II - FT spectrum also contained a small water peak, 

which was useful as an internal standard. The computer size 

limited the resolution to 0.8 Hz, not good enough to resolve 

the H„ 0.32 Hz doublet. Even so, decoupling of II C should increase 
8 6 

the peak height of H. 



OMSO 



coa, 



X\ 
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NT 



c«o 



6 V * 



/ % 

L L • 



^eAs * 



J- 



Hg H4 Hj 



+^- 



-*— «- 



5.4. 3 8ppm 

Sofvtnt Effect* on tha Chemleol ShlfU of H£ Ketone TZ . 

Unfortunately all the other peaks were also coupled to H g , 
so that only the water peak could be used for comparison. Prior 
to decoupling the H 8 :H„0 ratio was 3:1. Decoupling of H g in- 
creased the ration to 4:1, thus showing that II is the correct 
structure for the major photo-degradation product of heptachlor 
epoxide. In added proof, all the expected changes of the other 
hydrogens occurred, making a final confirmation of the absolute 
stereochemistry of II. 

Finally, the data (S's, J's, and line frequencies) were 
iterated in a 5-spin LAOCOON-III calculation to give the data 
in Table 3. Even when some of the signs of the J's were reversed, 
the program iterated to the signs shown. Thus two of the virtual 
couplings, J, „ and J. ,, are positive and J- 4 is negative. 

As yet we do not have a good NMR spectrum of IV. If it 
has all the couplings observed in II it will be interesting 
indeed. 

(Table 3 on next page) 
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Table 3 

HEPTACHLOREPOXIDE KETONE (II) 

1 H-FT line width 0.8 Hz 

Coupling Constants (+0.07 Hz)** 



Chemica 


1 Shifts* 


£l 


3.097 


I 4 


3.272 


S 5 


4.66 8 


S 6 


3.557 


S& 


5.020 





J 2,4 


-2.24 


Hz 




J 2,5 


-0.02 






J 2,6 


5.96 






J A R 

4,5 


2.20 


(2.41)*** 




J 4,6 


2.57 






J 5,6 


1.68 


(1.46)*** 




J 6,8 


0.32 




J 2,8 


= J 4,8 ' 


= J 5,8 ■ 


■ 0.00 Hz 



♦Relative to & C 6 HD 5 of the ca - 6C : 40 : :C g D 6 :C 3 D 6° 
solution with 4.6 mg in ca. . 5 ml . 

**Iterated values obtained when the broad center 

peak of fit- was weighted 0.1. 

***Values obtained when J, started as -0.32 Hz 

b , o 

(note that it iterated to +0.32). 
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Find pesticide breakdown by-products 22 times as toxic 

By William Hines Ttie substance, called hop- secondary chemicals. Chemist Charles Hammer of epoxide, which is a little more environment will kill a h&usc 



William Hines 

Sun-Times Bureau 
' WASHINGTON - An insect 
killer used by the millions of 
pounds each year in American 
agriculture has been found to 
break down into by-products 
chat are up to 22 Limes as poi- 
sonous as the original chem- 
ical. 



The substance, called hep- 
tachlor, is transformed by the 
action of sunlight into more pa- 
tent materials, some oi which 
have been detc< led as residues 
on loot crops such as potatoes 
and carrots. Feeding ex- 
periments on rats have shown 
that deaih from liver damage 
can follow overdose of these 



secondary chemicals 

Heptachlor has been in use 
for about 25 years and is pro- 
duced in an annual volume of 
about 6 million pounds in this 
country. It represented about 2 
per cent of the pesticide output 
of the agricultural chemicals 
industry in the year that ended 
last June 30. 



Chemist Charles Hammer of 
'#a.;!ungton's Georgetown Uni- 
versity told of new discoveries 
about heptachlor's by-products 
.it a regional meeting of the 
American'ChcmicaJ Society. 

After the material is sprayed 
on "cropland it Is converted, 
largely by solar energy, into a 
chemical called ■ heptachlor 



epoxide, which is a liule more 
than ihree limes as toxic as 
the original material. Further 
action of sunlight creates a 
mixture of subsidiary com- 
pounds, &0 per cent of which 
are heptachlor epoxide ketone 
(HEK). 

Hammer said HEK is so tox- 
ic that 1 part per million in the 



Pesticide termed /mere foxic fhan DDT 



. .WASHINGTON (AP) - A 
chemist reported yesterday ' 
that heptachlor. a Etui rela- 
tively widely used agried- 
;tiade, '.changes in 
sunlight to -a stable substance 
that is 22 times more toxic ' 
than the original compound- , 



Dr," Charles Hammer of 
Georgetown ' University '. re-. 
ported finding the first proof 
of this housefly, _tn;ce and 

■ other -animal tests ' ' ' -"'•• 
Ke said the newly uncov- 
ered i substance is " 'considera- 



bly mere toxie than DDT," 
which hzs been banned frotn 
the market in ihe United 
States .as potentially hazard- 
ous to man anJ animals. 

Meanwhile, cr. Environmen- 
tal Protection Agency spokes- 



man said some restrictions on- 
the registered use of hoptach-" 
lor and another still relatively 
widely used- Deiticide, chlor-", 
dane, «will soon" be- recom- 
mended ro Hie Government by, 
a fpecai committee c: EPA 
scientists. 



environment will Ull a I.e., ■•; 
fly and f> parts per million 
mouse. (These .ire so-callfi 
"LD-50" figures, which signif; 
the do;e which wjll prove I: 
thai to one-half of a given p r ', ■ 
lation of creature';,) 

Neither Hammer nor tv.i 
other scientists v. ho appraivi 
with him at a prc-s conferer 
claimed any knowledge i 
harm done to human b( ' :•■ ■ .. 
heptachlor or its by protiu r 
but added thai "a toxico!-/," 
might take issue with 0J 
statement." 

Hammer said that in hi 
judgment the arguments nn, 
lerod against Hie wiJe^prc 
use of DDT because of L ■■■>. 
or assumed health Ivsph '. 
mig'.it logically bo applied t 
heptachlor as well. He did :>■ 
say flatly that lie would advln 
banning it, however, , 

Carroil Collier of ine lai-'i 
ronmcntal Proteuio.i A< 
traiion said !h it a stcc.y gro:. 
empaneled by lil'A Admin.'; 
Irator William D. Ruckelshau 
has completed v.-ork en a ',:?■;. 
taclJor survey ar.d has se:it it 
recommendations to Rucl 
elsbaus" aides. 

Collier said he ('id not kjiov 
what recommendations v-e/i 
made or vae.t ai d how tlw; 
would be acted up in. 



Toronto Globe & Mail, January 17, 1973 
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RESIDUES OF CHLORDANE AND RELATED PRODUCTS 

by 

J. R. Elliot 

Chief 

Food Inspection Division 

Ontario Region 

November 15th, 1972 

The Health Protection Branch of the Department of 
National and Welfare have done some studies on the total 
Canadian diet. These studies are available and if the 
committee wishes, can be made available to it. The program 
is under the direction of Dr. Mannell who is the toxicologist 
with the Food Advisory Bureau, Food Directorate, NH & W. 

The second comment I would make is that our role is 
that of a regulatory agency and as such, we tend to go 
where we think problems may exist. Thus there is a bias 
in our sampling techniques. I should also like to point out 
that we have a responsibility for imported products as well 
as domestic ones. In the past three or four years, we have 
put a great deal of effort into looking at imported products 
of one sort or another and our results tend to be rather spotty, 
because of the large number of products involved. 

What we have done is to pick from our data a period in 
time shortly after heptachlor was banned and then a second 
period quite recently some significant time after the use 



of heptachlor had been discontinued. We have a computerized 
print-out system and it is somewhat of a scramble to pick 
out this sort of information - but it can be done. 

The first period selected was October 1st, 1969 to 
March 31st, 1970. This is the reporting time of the labora- 
tory. Thus the samples would have gone into the laboratory 
considerably before the October 1st date. On dairy products 
in that six-month span, we had 4 4 samples analyzed. Twenty- 
seven of these contained some heptachlor epoxide. Seventeen 
were negative. The range in residues of heptachlor epoxide 
was from 0.01 ppm to 0.1 ppm. The overall average on the total 
44 samples was 0.008 ppm. I should point out that these figures, 
although they are collected from the computerized print-out that 
contains analyses from all sorts of areas, the figures presented 
here represent Ontario products. During this same time period, 
we had 68 analyses of vegetables and all were negative for 
heptachlor epoxide. 

In fruit products 22 samples were analyzed r 6 showed 
residues of heptachlor epoxide which ranged from 0.001 to 
0.01 ppm. Sixteen samples were negative. During this 
six-month period we found no residues of chlordane on any 
of the products examined. 



The second time period selected was July 1, 1971 to 
December 31, 1971. This would be after the ban on the use 
of heptachlor. On dairy products a total of 56 samples, 
12 were positive with the range 0.01 to 0.06 for heptachlor 
epoxide and 44 were negative. The overall average was 
0.003. It should be noted that this is down from the 
0.008 average in the earlier sampling period. During this 
same period, 31 analyses were read on meat products, 2 
showed a low level of heptachlor epoxide (0.01 and 0.02 ppm) 
Twenty-nine samples were negative. These residues, it 
should be pointed out, are on a fat basis, not on a whole 
product basis. In this same period, 196 vegetable samples 
and 86 fruit samples were collected and analyzed and all 
were negative for both heptachlor epoxide and chlordane. 

These figures have not been analyzed in any way to 
assess their significance. The overall conclusion that one 
could reach is that the residues in the latter period of 
time are down somewhat from those of the earlier sampling 
period. Perhaps a general comment is in order with respect 
to the identity of the products sampled. I cannot indicate, 
specifically, for each sample, although this would be avail- 
able in our files. However, I believe it is fair to state 
that most of the vegetables would be from southwestern 
Ontario and the Holland Marsh area. The dairy products 
would be from all over the province. 
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PESTICIDE RESIDUES IN FEED 
by 
R. P. Knapp 
November 15th, 1972 

There has been limited sampling of feeds for pesticide 
residues over the past several years. A few residues have been 
found on feed materials rather than on the finished feeds. 

In 1969, 19 samples were analysed for heptachlor, heptachlor 
epoxide, and chlordane. The records available are not very speci- 
fic. On 16 of the samples reported, a notation was added "residues 
not detected" and on 3, the notation was "detected". I do not 
know the sensitivity level at which these residues were detected. 
The three samples were a sample of mixed hay, a sample of dried 
beef pulp and a sample of meat scrap. 

There are no records of samples being tested for these three 
chemicals in 1970. In 1971, six samples were tested and none 
were found to contain residues at a sensitivity level of 0.005 
ppm. In 1972, 20 samples were checked for residues. Heptachlor 
was found in one sample of tallow at 0.02 5 ppm. It is suspected 
that this residue resulted from contamination, but no adequate 
explanation of its source was established. The other 19 samples 
were free of detectable residues. 

It should be pointed out that insofar as feeds are concerned, 
it is usual to check the possible feed components rather than to 
analyse the finished feeds, for residues. Thus most of the analyses 
are run on hay, meat meals, fish meals, silages, vegetable scraps, 
etc. In this way feed ingredients that have harmful pesticide 
residues can be diverted from the feeding systems. 



HEPTACHLOR, ITS EPOXIDE fi, CHLORDANE RESIDUES 

Provincial Pesticide Residue Testing Laboratory 
R. Frank, PhD. 
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WA TER 

In almost 6 years of monitoring waters on a random basis, only 1 contained 
a trace of heptachlor epoxide and only 4 contained chlordane. All four cases 
of chlordane contamination were found in 1972 and were associated with spraying 
of soil along the river bank. The residues in water were trace, 0.03, 0.04 & 
0.05 ppb (Table 1) 

TABLE 1. 



Year 



Water 
Analysed 



Water containing insecticides 



Chlordane 



Heptachlor or 
Heptachlor epoxide 



Remarks 



1967 


7 


1968 


3 


1969 


95 


1970 


128 



1971 
1972 



TOTAL 



209 
79 



442 
















o 
i 
o 




Q 



Level of HE was a trace 

Sample from water from 
Chatham lire after passing 
through sewage treatment 
plant contained 0.55 ppm 
chlordane. 



0. 04,0. 05, Tr, 0.03. In 3 
cases found that chlordane 
was present in soil on 
bank of river. 



MILK SURVEYS 

(a) 1967-69 - Some milk produced in the Southern & Western regions of Southern Ontario 
contained low residues of heptachlor epoxide. The average residue in the southern region 
was below 0.01 ppm and originated from 2 of the 12 counties. The counties of Lambton 
and Middlesex had average residues of 0.005 & 0.002 ppm respectively in the butterfat. 
These counties and the 3 counties bordering them in the Western region had employed 
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heptachlor for turnip production and for the treatment of cereal grain. Both cull 
turnips and surplus treated grain had been used as feea for dairy cattle giving 
rise to heptachlor epoxide in milk. The Western region counties were Bruce 
(0.008 ppm), Huron (0.023 ppm) and Perth (0,013 ppm). 

(b) 1970-71 - Only the Southern region was resampled in 1970-71 and no samples 
were collected that contained detectable residues of heptachlor epoxide, not even 
in the counties of Middlesex and Lambton. 



TABLE 2 



Residues of Heptachlor epoxide in milk from 1967-69 survey 



Region of 
Ontario 



Samples 

m 



Residue Range 
(ppm) 



Samples containing Mean 
Heptachlor epoxide Residue 
(%) (ppra) 



Central 
Eastern 

Northern 
Southern 

Western 
Ontario 



387 

489 

70 

372 

333 
1,651 



K 


.D. 


K 


D. 


N 


D. 


N 
.01 - 


D. 
-.09 


N 
.01 - 

.10+ 


D. 
■ .09 


N. 
.01 - 
.10+ 


D. 
.09 



100 

100 

100 

96.5 
3.5 

89.2 
10. *5 

0.2 

97.0 
2.9 

0.1 



N.D. 
N.D. 
N.D. 

Uo.ooi 
J 

1 

- O.003 



'- 0.001 



Fats from Domestic Animals 

Animals fats have been analysed over the past 4 years and include bovine, porcine, 
and avian fats & eggs. (Table 3). In less than 5% of 172 animal fats analysed was 
heptachlor detected. These 5% ranged from a trace to 0.044 ppm in the extractible 
fat. Only 1 of 68 samples of porcine contained a trace of heptachlor epoxide. Only 
4 of 50 samples of avian fat contained heptachlor epoxide, however, one of these 
samples contained over 1 ppm. The source was never traced. The other three contained 
from a trace to 0.018 ppm. Only 1 egg of 73 analysed contained residues of heptachlor 
epoxide, in this case the level was 0.024 ppm. Since the origin of the livestock 
samples could not be traced it was difficult to determine if they came from a single 
area. Samples were collected in several locations in the Trovince. (Table 3) 
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TABLE 3 




Residues 


of 


Heptachlor 


epoxide 


in Domestic fats. 






Fat 


Year 


Samples 


Presence of 


Content in extractible fat 






Analysed 


Heptac 


hlor 












m 




Epoxi 
■0) 


de 
(%) 


Residue Levels 
(ppm) 




Mean Residue 
(ppm) 














Trace,. 005, .010, 


.020 




Bovine 


1969 


108 




7 


6.5 


.032, .044(2) 




0.001 




1970 


32 




1 


3. 1 


Trace 




N.D 




1971 


21 














N.D. 




1972 


14 














N.D. 




Total 


175 




8 


4.6 






Trace 


Porcine 


1969 


21 




1 


4.8 


Trace 




N.D 




1970 


24 














N.D 




1971 


L2 




D 









N.D 




1972 


14 














N.D 




Total 


71 




1 


1.4 






N.D 


Avian 


1969 


13 




3 


23 


Trace (2), .018 




.001 




1970 


17 














N.D 




1971 


12 




1 


8.3 


1.06 




.082 




1972 


11 














N.D 




Total 


53 




. 


7.5 


. 




.020 


Egg 


1969 


13 














N.D 




1970 


28 




1 


3.6 


.024 




.001 




1971 


20 




D 









N.D 




1972 


L5 




ii 









N.D 




Total 


76 




1 


1.3 






Trace 


Human Tissues 

















The only residues of heptachlor epoxide were found in 1969 when 3 of 10 human 
milks and 1 of 8 human fats contained detectable residues. For the last 3 years 
56 human milk and 210 human fats have been analysed and found to be free of detectable 
residues. 



Fish 

From the analysis of several thousand fish, less than 10 contained detectable 
residues of heptachlor epoxide. Traces were found in white suckers in the Grand 
River. (Table 4) 
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tabu: 4 


Res 


iduos of Heptachlor 


epoxide in Human Tissues 




Tissue 


Year 


Samp les 


Presence 


of 


Content in extractible fat 








llept. 


uhlor 


epoxide 
(X) 










(#■) 


Residue levels 


Mean residu 














(ppm) 


(ppm) 


Human milk 


1969 


L0 


3 




30 


Trace, .08, .09 


0.017 




1970 


37 












ND 




1971 


7 












ND 




1972 


20 












KU 




Total 


74 


1 




4 . 1 




0.002 


Human fat 


1969 


8 


1 




12.5 


0.08 


0.010 




1970 


,4 












N.D 




1971 


97 












N.D 




19 72 


79 












N.D 




Total 


218 


1 




>0.5 




Trace 



Bird Tissue s 

Following the analysis of 60 species of wildlife birds caught in Ontario only 
one was found to contain residues of heptachlor epoxide. As illustrated in table 5 
heptachlor epoxide was found in the brain tissue of ring necked pheasant shot in 
the county of Lambton. The mean residue for all eight birds shot in Lambton was 
0.017 ppm. While all birds in Lambton contained heptachlor epoxide none was found 
in birds received from other counties of the province (Table 5) 



TABLE 5 



Analysis of brains from shot Ring Necked Pheasants 1967-69 





Year 


Location 




Samples 


Sampl 


►s 


Residue 


Mean 










Analysed 


Contai 


ling 


Levels 


(ppm) 










(#) 


Heptachlor 


(ppm) 












Epoxide 
















an 


(%) 








1967 


Essex 




12 


o , 







N.D 


1 


1968 


Essex, Lambton, 
Lincoln, We Hand, 
"York 




60 


B 


L3 


.009, .012, 
.014, .015, 
.019(2), .022, 


.0023 


r 


1969 


Essex, Northumberland 


16 








.027* 


N.D. 


■ 




TOTAL 




88 


3 


9.1 




.0016 


I 




* All samples from 


Cour 


ity Lambton, 
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Feed 

Following the discovery of residues of heptachlor epoxide in milk in Bruce 
County (1968) at a level of 0.09 ppm the investigation revealed the feeding of 
treated grain to dairy cattle. On one farm the farmer was feeding milled grain 
with 2.60 ppm heptachlor and 0.50 ppm of Y chlordane. The grain going into this 
feed contained 3.74 ppm heptachlor and 1.01 ppm y chlordane. This was effectively 
stopped and residues in milk disappeared. A second feed sample in 1968 from some 
3 year old treated grain used in a feed was 0.26 ppm heptachlor and 0.13 ppm HE. 

Poiaoning 

1969 - A 2 1/2 month old calf was treated twice in 1 day with chlordane to 
control lice. The animal died after convulsions in 24 hours. The symptoms were 
described as chlordane toxicity. 



TABLE 6 



Residues of chlordane in a poisoned calf 
and extractible fat. 



Extractible 
Fat 
(%) 



Chlordane 
(ppm) 



Heptachlor 

(ppm) 



Skin 


4.11 


liver 


5.04 


Kidney 


4.51 


Muscle 


3.22 


Brain 


1 3 . OS 



169 

281 
612 
111 
158 



23" 
127 
138 

78 



1971 - Two dogs died of convulsion indicative of insecticide poisoning. However, 
analysis revealed no harmful levels of any known organochlorine or organophosphorus 
insecticides. Chlordane was present in the stomach at 0.4 ppm. 



r 
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Plant Material 

Rutabaga . - In 1967-68 samples of turnip were collected from 10 rutabaga producers 
from Mitchell, Exeter & Bright. Roots from all 10 producers contained heptachlor from 
a trace to 0.008 and heptachlor epov.ide from .005 to 0.020 ppm or a total residue from 
0.009 to 0.028 ppm. 
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TABLE 7 Heptachlor 


S 


Heptachlor 


epox 


ide 


residues in 


rutabagas 




Sample (//) 




Content 
lieptachl 
(ppm) 


of 
or 




Heptachlor 
(ppm) 


epoxide 


Total 

(ppm) 


Rutabaga roots 11 
Peel 1 1 
Pulp ii 




.005 
.008 
.005 






.011 
.037 
.008 




.016 
.045 
.013 



Potatoes 

Only one sample of many have been found to contain chlordane or heptachlor. 
The level of chlordane in the one sample was 0.05 ppm. 
Tobacco 

Of 51 tobacco samples analysed 4 samples were found with residues from 0.001 to 
0.006 ppm heptachlor epoxide in the dried leaf. 
Spray Drift 

1968 - Spray drift occurred in the city of Toronto when heptachlor was used. 

Only trace quantities could be found in adjacent lilac. 
1970 - Spray drift occurred when chlordane was used in an urban area. Poplar and 

maple trees carried from 1.2 to 15.5 ppm chlordane, on fresh weight basis. 

Strawberries had 1.2 ppm and surrounding grass 1.6 ppm. 
1972 - Plant samples collected near a factory revealed residues of chlordane ranged 

from 0.05 to 3.26 ppm on dried leaves taken from elm, maple, grape, and 

cattails. 

S ummary 

Heptachlor epoxide has been found in animal products and pheasant in these areas 
where heptachlor was used in agriculture. The counties of Bruce, Huron, Lambton, 
Middlesex and Perth appear to have been the major areas of use. Residues of chlordane 
have not been found in milk, feed or wildlife to date. 



USES OF CHLORDAN E & H EPTACH LOR 

Insects Controlled 

Chlordane is used on food and feed crops to control wireworm, 
white grub, subterranean cutworm, corn root worm, and strawberry root weevil. 

Method of Appli cation: 

Chlordane is applied to soil a.s broadcast prior to planting or 
as a bond application at the time of planting or seeding. 
Food Crops 

Chlordane is used on the following food crops: 

A) Vegetables - cruciferae - radish, broccoli, kale, brussel sprout, cabbage, 

cauliflower. 

- cucurbitae - cucumber and cantelope. 

- solonaceae - potato and tomato 

- legumes - beans 

- others - lettuce, onions, red beets, sweet potato. 

B) Fruit - strawberries. 

C) Cereals - corn. 

Food Crop Tolerance 

The following tolerances are permitted under the Food and Drug act 
and Regulations: 

Chlordane 0.3 ppm Fruit - apple, apricots, blackberries, 

blueberries, cherries, citrus, grapes, 
loganberry, nectarines, papayas, peaches, 
pears, pineapple, plums, quince, raspberries, 
strawberries. 

Vegetables - beans, beets, peas, broccoli, brussel 
sprouts, cabbage, carrot, cauliflower, celery, 
collards encumber, eggplant, kale, kohlrabi, 
lettuce, melons, peanuts, peppers, potatoes, 
radishes, rutabagas, squash, tomato, turnip. 
Cereals - corn. 

Heptachlor <i Heptachlor 

?E.?_ x A<*c 0.1 ppm Vegetables - beans, cabbage, lettuce, rutabagas 

(yellow turnip) 
Heptachlor was discontinued for use in Ontario in 1969. 
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Canadian Wildlife Service 
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Mr. K.G. Laver, 

Ontario Pesticides Advisory Committee, 

5th Floor, Mowat Block, Queen's Park, 

900 Bay Street, 

Toronto 182, Ontario. 
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Dear Mr. Laver: 

At the end of 
you requested the partic 
Advisory Committee. Sin 
of examining the informa 
their tolerance petition 
experimental studies on 
referred to in the meeti 
study of both heptachlor 
transfer of these substa 
chlordane study (Volume 
effect on hate liability o 
Unfortunately the highes 
in the diet. It would h 
level had been selected 
found and if an effect 1 
absence of residues of c 
study (Volume III p. 137 
the feeding level was so 
have been more convincin 
level found where there 
two studies together, th 
environment of Ontario a 
and presentations at the 
A.G. chlordane has proba 
Ontario. 



the meeting on heptachlor and chlordane 
ipants to write their submissions to the 
ce the meeting I have had the opportunity 
tion which was submitted by Velsicol for 

and was unable to find any data on 
the reproduction of pheasant and quail 
ng. There was however a reproduction 

and chlordane on hens and a study of 
nces to the egg. With respect to the 
II p. 142, reference 22) there was no 
r growth of the chicks for 28 days, 
t level of feeding was only 0.3 ppm 
ave been a more convincing study if a 
at which an effect was expected to be 
evel had been demonstrated. The 
hlordane in the eggs of the egg transfer 
5 reference 10) is encouraging bu t again 

low (0.08 ppm in the feed) that it would 
g if several levels had been fed and a 
were residues detected. Taking these 
e absence of chlordane residues in the 
nd the other information in the petition 

meeting, I am satisfied that the use. of 
bly not created biological effects in 



The information with respect to heptachlor is not so 
encouraging. Volume II of the heptachlor tolerance petition 
submitted by Velsicol contains the reproduction study on chickens 
and is entitled "Toxicity, residue and reproduction study on 
heptachlor epoxide-chickens" . The study was undertaken by 
Industrial Bio-Test Laboratories and dated 10 April, 1969. There 
appears to be a decrease in hatchability among eggs from hens fed 
the two highest levels (0.1 and 0.2 ppm in the feed). In the 
table on the viability of hatched chicks one anomaly stand out. 
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The number of chicks in the control group which died in the first 
week was 17 out of 75 which hatched, whereas only 6 and 5 out of 
76 and 57 died, on the 0.02 and 0.1 ppm feeding level, respectively 
This mortality in the controls makes the 19 dead chicks out of 80 
hatched in the 0.2 ppm level not significant. I am therefore not 
satisfied that 0.2 ppm in the food of liens does not have an effect 
on viability of hatched chicks in the first week. I have been 
unable to find the residue data which was perforir<ed on the eggs 
and carcases from this study. Again it would have been more 
convincing if an effect level had been demonstrated by choosing 
a dietary feeding level where effects might be expected. 

In another study in the submission (Volume III page 918) 
it appears that the residues in the fat of adult hens at 21 weeks 
are 10 times higher than the feeding levels and that the levels 
in the eggs are comparable with the feeding levels. The study 
however does not show that the levels at 21 weeks are the maximum 
that would be stored, thus birds in the environment may have a 
concentration rate higher than 10 times. 



have been co 
Dr . Lincoln 
hep tachlo r e 
Harbour . As 
this substan 
later in the 
higher than 
regression e 
of uptake of 
with essenti 
0.15 ppm on 
u n d etectable 
after 70 day 
Bl ack-crowne 
While this c 
grounds , t hi 
In Ring-bill 
Toron to Isla 
from 0.03 to 
found in egg 
0.23 to 0. 75 
had 0.13 to 
values range 
region. The 
values about 
0- I I ppm with 



should like to review some of the residue data which 
llected from the Great Lakes for fish eating birds. 
Reynolds of the Ontario Research Foundation has found 
poxide in the eggs of Co mmo n Terns from Hamilton 

I mentioned at the meeting these birds are obtaining 
ce from the vicinity of the colony since the eggs laid 

season (to replace lost broken or un hatched eggs) are 
those amongst first laid eggs. I have calculated a 
quation for the line of best fit to describe the rate 

H.E. with time. It appears that the terns arrive 
ally nothing and after 100 days the eggs contain 
a wet weight basis. Residues in the adult were 

in the breast muscle on arrival but were 0.20 ppm 
s. We have found 0.27 ppm H.E. in an egg of a 
d Night Heron from Pigeon Island, eastern Lake Ontario. 
ontamination may have resulted from the wintering 
s species in Lake Erie did not have detectable residues 
ed Gulls the highest values were from a colony on 
nd and were 0.23 and 0.21 ppm. Other colonies ranged 

0.07 ppm. In Herring Gulls very high values were 
s of gulls from eastern Lake Ontario ranging from 

ppm. Western Lake Ontario and eastern Lake Erie 
0.21 ppm and western Lake Erie 0.05 ppm. In Lake Huron 
d from 0.12 to 0.52 in eggs from the Parry Sound 

situation with Common Terns is comparable but with 

10 times smaller ranging generally from 0.01 ppm to 

occasional high values up to 0.3 4 ppm. (Toronto Island). 
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95 of Volume II of the Velsicol 
ence "The current use of heptachl 
does not allow it to be available 
would submit that the vaporizatio 
echnical chlordane may cause its 
deposition in rainwater, biologic 
deposition into eggs of aquatic b 
cal effects such as embryonic mor 
tion of chick viability. Further 
resently found in the eggs of fis 
s are comparable with the levels 
und and are, in some cases up to 
evels which have been tested by I 
Is no information on interspecifi 

to this substance. Chickens may 
n species in the environment. 



submission 
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t ransloca t ion 
al magnification 
i rds where i t 
tality, failure 

I would submit 
h eating birds 
at which these 
four times 
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I wish to restate my position. AG chlordane does not 
presently have any information, which I have reviewed, which 
leads me to recommend its cessation of use. Technical chlordane 
contains an unacceptable chemical; heptachlor. The concentrations 
of o r ganochlorine substances which are presently in the Great Lakes 
environment are so great that in certain locations there are biolo- 
gical effects on indigenous bird species. This situation is 
unacceptable. The continued use of a comparable substance such 
as heptachlor which may enter the Great Lakes is inappropriate. 

I shall be absent from my office until January A, 1973 
but should be pleased to discuss any details of this letter with 
you or the committee after that date. 



Yours sincerely, 
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Michael Gilbert son, 
Wildlife Biologist, 
Toxic Chemicals Section 
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Residues and Degradation Products of Technical 
Hcptachlor in Various Soil Types 1 



Faikii: 1 v.v (J\mi r anil c iiari.is A. SiRiM.rR* 
Southern Forest Experiment Station. l'M)A Forest Sen itc , f.tilfport. Miss. 

ABSTRACT 



i persistence mil degradation ot hcptachlor v., rit cl 

', r.ii.h In location in lesis in .1 areas of tt'e L'niicl 

■ s Relatively high values for I -hvdiusv-iiilordciiv. 

— niing approximately titri of tin inscriiiu'c in Me 

.i ucic obtained for cxtiacts of a Quiiicy tu.-i.iov fine 



W'trin, chlordauc, dicldriu, and heptathior art 
. iiutitly being compared lor dieir conitol ot v.iiiotti 

■ nil's of termite? t:i different soils and climate* in 
tV I'nherl States ilkal and Carter IL>68). Sinn: cf- 
I. tine control of termites requires n persistent insee- 
in h!l" that remains where applied residues oi the pes- 
in ides are being checked annually. This paper n- 

. i is t he persistence and degradation of technical 

in-pi iclilnr .ili'T field weathering for up to 3 years. 

Mi mod? and Mah rims.— Field Test.— Samples (or 

„ Ma b sis were taken from 5 locations selected to 

it-present major soil types and rainfall patterns in 

"iiiuns of die United Slates where sul>terr.ine.in 
reunites are a major problem. The soil types at the 
i> i. it ions are: Lakeland sand at M.n i.mna. Fta.; 
Mikilapa day at Honolulu, Hawaii; Lebanon silt 
■i. mi, Salem, Mo.; Quincy loamy fine sand, Hcrmis- 
mil Ore.: and Oat.uda loamy sand. 1'iiion, S, C. I In 1 
inst. illation prorcduies. soil-,, and locations base been 
pit-viomly described (Ileal and Charter 1968). Tlie 
1'niiiyotttos hydrometer method was used to estimate 
panicle size nf soils sampled at die 5 locations i Km- 
ist .»ils Committee of thi Douglas In Region lii.jS), 
( iHiertioru were not made for organic matter, which 
nas low for all sods except die sample Irom Hawaii, 
(titanic matter was estimated bv the modified 
W.dklcy and Klatk method, a rapid (lit Inornate oxi- 

■ l.i i ion method (Forest Sods Committee of the Dnug- 
la- lir Region I95S). Soil pll was determined eiet- 
iioiiH'ii icalh. Table I summarizes selected properties 
><( a sample of each soil. Considerable differences in 
1 1 >| >e, trance were observed foi samples taken at dif- 
' nil! depths and at ilillerent plots at certain loca- 
Nous. Thus, we are cognizant ot differences in soil 
pt'i itties. of samples taken for analysis from the 
'i -a plots. 

I he effectiveness of soil treatments against termites 
i- living evaluated bv die ground-board test ffobn- 
siou I'.HiO), which simulates soil treatment prior to 
I'oiidnn concrete slabs, lor the present studs, soil 
samples were taken from 2 IV plots to which water 
emulsions of <>.5 r r technical Iteptachlor were applied 
•it a rale of either I or 2 pi nls ft". Samples were 
••istiallv taken in li in. squares from the upper !-in.. 
I- to 2 in., .nu\ 2' to tin. layers. Soil was sampled 
fiom 3 of the 10 treai mem replicates. 

Analysis.— \ sample of sieved soil equivalent to 



' Pn-H-iniil nt ihi- t nm.'l iiirii Miviine of tfir Smn lira stern 
'* Huh. InliimoLi^ii at s,,. i,is r,i Vim -c n ,t . Hil.isi, Vlisv, Jan. 'JT-.tu, 
l'"''l kririvnl tin |,el-lii .liihil I inn V 1'H. 'I 

i In niint .nut I'Ii.xih il s. :, rn i IVitlltiiiall. rrffWrtlvrlv, WimhI 
l''--1ui[* lltmt I .il»u .HUT, , s,iiiiIiimi l.'ii\l I'si'i I inn nl Si.ili"ii, 
1 sOV 1 on -.1 St-iviu-, C*ull|tt»lf Vtiw. 



sand from Oregon. Significant amounts of I -hydroxy - 
thiol Irne were fount] in the nirsiis <if Lakeland sand 
from Morula. Generally, hcptachlor epoxide repivsented 
otilv a small fraction 'it llie insecticide present ill the 

soils. 



100 g cMcndry weight was extracted for 2 ttr on a 
shake' with 3(1) ml o; a solvent mixture of 2:1 hcx- 
ane and isopropyl alcohol. A 225-nit aliquot of the 
filtered extract was then washed ■( times with 73 
ml of distilled water. The hcxane layer was filtered 
through anhvdious sodium sitllaie. adjusted to 150 
mi with glass-distilled hcxane to compensate, for 
evaporation loss, and stored in the refrigerator until 
it seas analyzed. Two nil of extract were equivalent 
to 1 g of the soil. 

The aforementioned extraction method has been 
used routinely siiuc, 1W5 in this laboratory for 
field soils involved in termite tests. An estimation 
of insecticide recovery was ascertained bv adding a 
standard mixture of heptaddor. gamma thlordaiir. 
1-hydroKy-chlonlene, and Iteptachlor epoxide lo LOO 
■_- audi led soli, from die 5 field locations. 'I lie 
soils were again iir-ctried nn<\ extracted in accordant c 
with the same procedure. An adtliiiotial sample of 
the standard niixt'.ue was diluted with the proper 
amount of hcxane and isopropyl alcohol and can ted 
through the same procedure. The estimated per- 
centages oi recovery of the I insecticides for the r > 
soils were never less than !)j'i. Suite extraction ef- 
ficiencies of solvents have been shown to be effected 
bv soil moisture, air-dried soils should not be forti- 
fied lor measurement of true recovery rates from field 
samples extracted in the air-dried state (Saha et al. 
1'Ni'l.i) , Although many factors in addition to soil 
moisture can aifect insecticide extraction Itom soils 
(Saha el al. ItMifJl*) . we beliese that we tan generalls 
compare the results from otu various test suds. 

Extracts were analyzed with a Micro-Tek 1 20410 
Ml' gas Juoiiiaiograph equipped with a 130-mc ni- 
tium election capture detector ami operated with a 
puise power soj>p|e. The columns wen- lib x Vi*in. 
glass tubing [lacked with a r > UC-200 on 100/120 
mesh fias tJiront t>. Opeiaiing temperatures am! 
gas-ilow rate varied somewhat, but appropriate stan- 
dards were ruh d.iiiv with the samples. Tj pica] oper- 
ating parameters were? oven IM", detector 205°. inlet 
215", and outlet 2 ■lO'C The flow rate of the carrier 
gas, a mixture of '.15% argon and h r A> methane, was 
normally 120 ml 'mill. 

Columns packed with 3£. SL.'IO on CO/TO mesh 
Chroti.port XXS; and ll% (QF-I iilus OV-17) by 
weight on 80' 1(10 mesh Gas Cltrom Q. were used 
',o support the idcutificaiion of gas chtoin.itograpli 
peaks belie vctl to be I -hydroxy chlordene and hcpta- 
chlor epoxide. Oven icniperat ores and How rates 
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Table t.— J'lujMtiies of the M>il ;ii cadi toralion. 
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were priMiK varied (or Imth ihc polar DClitio and 
the noupolar sr.,'!(i columns to change peak resohi- 
lion. Qualitative comparisons were ni.uk- with stan- 
d.inU analyzed under die same conditions ami wjili 
samples spiked with standards. Extraction /lvalues 
(Bcro/.i ;itnl liowman MKi'ia. b) were also determined 
lor insecticides giving spec ific peaks by single dis- 
tribution between 5 ml volumes of hexanc and ate- 
lonitrile. "1 Ik results were compared with those of 
s(. i ml. nds partitioned with the same solvents and 
■it the saint- lempcraiure. 

Rrstux and Discission —Initial penetrations ol 
technical heptachloi emulsions in soils were deter 
mined when the tests were installed. The gas throm- 
aiogiauis line situil.ir (or all locations. Thev had a 
peak for gamma ehlordane. (t/skomeri in addition to 
the major lieptachlor peak.. Ocncrally, vsith the 
ptoper ilihttion ol die extract lor .niahsis. mils these 
L! peals were large enough to he calculated. When 
a more concentrated sample u.is injected, smdl peaks 
lor minor components appeared. I'suativ .' small 
peaks appeareil after tliat ol gamma-chlordane, Some 
ol these minor components may he more persistent in 
certain soils than hcplarhlor or gamma-thhrtdauc. 
Thus, thee may appear as prominent compounds 
in residue studies in later years. 

Chromalogrnms obtained lor soil sampled after 
w e. muring ioi a vear or longer sarit-d lonsiderabl 
lor the .7 locations. Table - summarizes the com 
position of die major insecticides h. the soil sample* 
taken I, - and or 3 years after application ol ledt- 
nital lieptachlor. The values shown ate means from 
.'t plots. In most cases variations between replications 
ui re small, but for some soils a considerable spread 
in values was obtained. Larj»c satiations are to be 
c\peued in field studies, where distribution and 
penetration ol insecticide are uneven. Differences in 
hulk density of the soils are also reflected in the 
lesiilis reported on a weight basis (ppm) foi ,i 
specified layer of soil. 

I he chromatograins of Missouri soil c\lra< is 
for both the -nil and Sid sears vveu similar to those 
obtained from samples at the time ol installation, in 
onlv a few cases were peaks corresponding to hepta- 
ihlor epoxide- large enough to be calculated. Al- 
though the values are lovsi r for the 3rd year, the 
results indicate that both hcptathl-.r and gamma- 
(hluidatic are relatively stable and persistent in ihe 
I i b.nioi; silt loam soil. 

The typical thromatogram of extracts from the 
Quinty loamy fine sand of Oregon depicted a rit- 
minjshed peak for hcptatldor and a new peak tor- 
responding to a standard of I-hydroxy-chlordeue. In 



dust samples, the v. dues for 1 hvihow ihlordem i,, 
icl.it is. .Is. high. I he new peak acioiiiued ioi (| 
IW'i ol the insecticide in the soil. 

!'■ 'ill l-hvdtoxv chlouline and hcplathlot CJH»\i,| 
were louml in the Lakeland sand samples fnii,n 
Florida. Only a trace of the epoxide w is prcsc in 
tlfler 1 year, but significant amounts were obiahmj 
liter .'l sears. Although tonteuti ilions of l-ludluw 
chloidetie were considerably smaller than those ,,, 
Oregon soil, significant amounts were obtained i.., 
all S vc-ars. 

The prominent peaks in most chroma mgrants ..( 
the extracts of Catania loams sand honi Sou:!., 
Carolina were for lieptachlor and ganmi.it liloi J .,■ 
Small peaks lor l-hydre>\\thloidcnc were Cidtulaii.l 
for samples from 1 plot lor the lsl seat and |.., 
hept.uhlor epoxide Irotii several plots lor the 2nd 
and 3rd years. 

In the ist-year Makalapa day samples horn I law, 
oulv trace aiiiounis ol the degradation products Wen 
apparent, for the -ltd year, onlv samples Irom I 
plot vsete available for analssis ol soil that had in 
sectitide applied at 1 pini ft", and the lesiilis wen 
unexplauiubly low. In contrast, relatively high value* 
were obtained for plots where L* pints 'ft 1 were ap 
plied. In several Hawaii plots, the peak for hepta 
thiol epoxide was very large. 

For comparisons, the data (or the 2ud-ycar sample* 
are presented as pen tut composition in 'Fable :t. 
Sine onlv the majoi insettitides in the extracts wit, 
considered in the talc ula items, ine percentages an 
approximate and indicate itends onlv . Jn many cases 
the exit, ict had to he greatly diluted to- get lire propel 
concentration lor analysis of the major peaks. \ 

mole lOUtelllr.lled sample possiblv would have given 
small peaks for l-hsdroxy-chtoidi tie and heptacllloj 
epoxide. We therefore do not .say that no 1-ln- 
ilroxv thlordetie and lieptachlor epoxide exist at 
on. tin locations, but onlv that their concentration- 
are insignificant in comparison with the parent com- 
pound and gamma-ehlunlanc. Percentages of 1 In 
ilroxv -thlordenc were negligible for t lie Missunu 
silt loam and the loamy sand of South Carolina. 
small lor the Makalapa clav of Hawaii, generally 
small for Lakeland sand of Florida though high few 
several plots, and verv high for the Quincy lo.ue. 
fine sand of Oregon. Heptochlor epoxide usuallv 
represented a small fraction of the total iitseititidi 
present in the soils in the _nd sear. I he lushest pei- 
telltagt'S were found in Hawaii on the single plot in 
vvhidi I pint ft' insecticide had been applied. On 
litis plot concentrations ol all in set tit ides were un- 
usually low. 

Whereas considerable attention in the literatim 
has heen given to the oxidation of heptachloi ' 
lieptachlor epoxide, very little information has been 
reported on lite degradation of iiepiacldor to I I ' 
choxv t hlonleiie. Fig. I shows structures of the ' 
compounds. Ilowm.ni el al. (I'liiaa) showed tin' 
hept.ulttor was leaildv changed to l-hydroxy-cldi'i 
dene when hcptarlilor-treaied ilw soils contaiuii 1 .- 
little organic matter were aged in a gravity-eonv • 
lion oven at 15"C for 1 days. Hcplarhlor was al** 1 
found to he partially degraded to 1-hydroxy-thl'" 
dene tluiiug I he- prep, nation of an nisei litidal il«J*« 
used for soil treatment in a sttidv on control ol 
white lunged beetle, Grafthitgnathun jjcri^i i»'< 
(Hiitlianaiil (Bowman ct al. I%5b> . Further tleui- 1 
elation was not detected after the dust was added ' 
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l.ilik 2.— Irwmlcldc residues (ppui) found at various elipiln in *oil I, 2, and 'or ? years after application of watcc 

, : nUriiin of ()..!'■ technical hipuililor .11 I and 2 pints It-. 
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' I k-placllltil. 

1 (..UhiTi.i-t IiUii*I.iih\ 

'* I -In iImivv ,*h|ori!i-iic. 



! ILplathlor rpoKklc. 

• I' race. 

1 I'eafc cither, missing at let) small to raUul.iit- 



i'm «uil, lit the hio,i*sa\ swetii. I !iwho\\-ihlisideiic 
■■■ > esscniiaJh tiontosic ,nii! did not syiternf/e hepta- 
i .imt or jj.itamit-iIiSoul.inc. The prcst'iicc ul 1- 
l:*dto\y-chlotdeiic in .1 small mnnbci ul s"il samples 
• ■dletted in the Atlantic Provinces ol Canada iv.k 
"f|"int'<| Ia I >n 1 1 x ami W'nnjj (I9'>7). l>.\eitic and 
Vm (1<Jij9.i. b) loujtd ill. a within .10 daw ol is 
["'Mire it> uaiir. the lupiaililoi component, of tltlot 







In.. I. — Sti mimes f<n liijit.it Irlov 1I1. ]n-[)i.i<,liU)i epo\- 
'•• (II), and lhuho\> (lilnnklic (II 1 1 . 



italic ti.is comphuciy changed to l-bydroxy-tlilprclcnc. 
lht' (lain lints l.tr obtained in our studies have 
shown that the late ol lieptatlilor taries from one 
application to another. At this lime w do 1101 know 
width billots an l< -sponsible for the vaiialions. Ad- 
ditional results front litis lous;-tenn held cxpcrinil'ltt 
,is Hell as inioiiu.itioii ohl.titted Itoni studies recent I \ 
established diotild aid in expiuhiiin; die tlillereitt.es. 
Vdttitional Held es|)iitmt ins will be set up ill 1970 
at die 5 locations to amplify me inloi inalion present- 
|v known. Volatilization, adsorption on soil pa 1 titles, 
Uachiii";, chemical alteration, phoiotleioniposilion, 
and titiiiobial de^iad.itiott all appear to be ini[>ot 
t.tnt ;nt)ies.ses in die removal or inart nation ol in- 
settitides. and consequently in the determiiialioii of 
their lone, lei in ellei livitiess (Jlowman et al. I9li.5a, 
Kthvards MJiil). "I'he biological aaivity ol an insetii- 
cittc in soil thus depends not only upon the nannt: 
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Table 5.— Relative amounts of major iiisn lii ides (*5 composition) found at various depth* in soil 2 years jfi, t 
appliiatiou of water emulsions of 0.5'. iitlinica] heplaihlor .it 1 and 2 pints/ fi ! . 
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.mil quantity of tl>e compound, but also upon soil 
properties and environmental conditions (Hart is 
]<JG6). 

In a preliminary laboratory r-si of heptuthlor, 
heptachlor epoxide, <_,inmia-chlordane and I -hydroxy 
chiordene against the eastern subterranean termite. 
Itrliiulitemies fltn>t/>es (Kolt.tr), the first 2 com 
pounds appeared to Ik- more toxic than gamma- 
tlilordane which, in turn, was more toxic than l- 
hydroxy-chlordcne. Since the imerticicl.il properties 
ill the I chemicals van considerably, the degradation 
of heptachlor to heptachlor epoxide .md l-hytlroxy- 
iblordciic in. iv punt imjiortatit in tlte eircciivc ton- 
irol id subterranean termites in different soils and 
climates in the I'nitcd States, Bcrausc the ft* Id lest 1 * 
have been too recently installed to evaluate the ef- 
fect of stub degradation in the various soils, annual 
sampling will be continued to monitor an) con- 
version and to assess its effect on termite lontrol. 
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l-Hydroxy-2,3-Epoxychlordene in 

Oregon Soil 

Previously Treated with 

Technical Heptachlor 

by Fairie Lyn Carter. Charles A. Stringer, and Dorothy Heinzelman 

Southern Forest Experiment Station 
USD A Forest Service 
Culfport, Mississippi 

ami 

Southern Marketing and Nutritkut Research Division 
VSDA Agricultural Research Service 

Mew Orleans, Louisiana 

Cas-chroraatographic analyses of residues and degradation 
produces of technical heptachlor weathered 4 years in an Ore- 
en soil revealed an unknown component in layers below the 

surface, The degradation product was either missing or 
Elinor in the surface samples and in all samples taken after 1 
or 2 v, :rs of weathering. In addition, it was not apparent 
on Chroma tograms of extracts of four other soils in test. Be- 
cause the gas-chromatographic peak attributed to the unknown 
was larger than the peaks of residual heptachlor and gamma - 
;hlordane, the work described in this paper was undertaken to 
isolate and identify the unknown component. 

Methods and Materials 

Soil samples were taken from Lest plots established to 
determine initial penetration of the soil by technical hep- 

ir at five field locations. The installation, locations, 
soil properties, and analytical methods have been previously 
reported (1,2). 

ihe soil extracts and their fractions were analyzed wit!. 
several gas chromatographs with different columns and operated 
odor various conditions. Qualitative comparisons were mad* 
with itandards analyzed under the same conditions and with 

Les spiked with standards. Column packings included 37. 
!K-20Q on 100/120 mesh Gas Chrom Q,I' 37, SE-30 on 60/70 mesh 
Chrowport XXX, 117, (QF-1 plus OV-17) by weight on 80/100 mesh 
fas Chrom Q, and 9% QF-1 on 100/120 mesh Gas Chrom q. 

Extraction ^-values (3,4) were determined for insecticides 
giving specific peaks by single distribution between 5 -ml vol- 
umes of hexane or pentane and acetoni tr ile . The results were 
compared with those of standards partitioned with the same sol- 
vents and at the same temperature. 

\l Mention of a company or trade name does not imply endorse- 
ment bv the U.S. Department of Agriculture. 
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The major components in certain Oregon soil extracts were 
fractionated on columns of silica gel (powder, suitable for 
chroma to'graph use, Baker Analyzed Reagent), The solvents were 
either hexane followed by mixtures of hexane and isopropyl alcohol 
or pentane followed by mixtures of pentane and diethyl ether. 

Mass spectra wore obtained on a Consolidated Electrodynamics 
Corporation Mass Spectrometer, Model 21-110B, using the direct 
Introduction system. Peaks were identified by the use of per- 
f liiorokerosene as ,i reference. 

Results ami Discussion 

An unknown pe.dk, not appearing on the chroma to grams of soil 
lets fro™ other Locations, occurred in the chromatngram:; Ei ; - 
the Oregon soil extracts. The peak was most prominent is ebr< . 
i -:>- ■: extracts of soils sampled at the 2- to 4-inch layers. ']'!■, 
. could net be determined, as a standard was net .i\ai t- 
ahle at the time of analysis. The retention time of the unknown 
uly slightly more than that ef heptachlor opoxj.i 
'.!.'- 00 Lvl'imn, However, as a result of iLs tailing, Lhii un- 
known peak was more poorly resolved iron l lie gamma -chlordane peak 
than was p standard heptachlcr epoxide peak. 

Gas chroma to grams of an extract of the Oregon soil sampled 
1 to 2 inches below the surfaci have ei ■.ht peaks (Fig. 1A , B) . 
Peaks 2, '-*, f>, 7, and 8 were identified tentatively as heptachlor. 
1-hydroxychlordene, gamnta-chlordane, alpha-chiordane, and qotiachler. 

Peak 1 and 3 (shoulder or peak 4) were small, but the fifth peak 
was larger than the residual heptachlor and gamma-chlordano peaks 
and therefore was considered to be significant enough to warrant: 
Isolation and identif icntian. 

A 100-ml aliquot of the extract (hexane) was fractionated on 
a 10-g silica gel column ( J r > mm T.D.). Components corresponding 
to peaks i, 2, 6, 7. and 8 were either not retained on the column 
or readily eiuted ) rem il with 100 ml pentane (Fig. IC). Add i i i . 
pentane (. U)l) ml) eiuted a eemponenl with a retention time ml Hie 
DC- !O0 e. Inmo !: iiilv less than that el' peak 5 and corresponding i 

ichlor epoxide (Fig- ID). Mixtures of pentane and diethyl etli i 
eiuted the more polar components corresponding to peaks 3, 4 
(l-hvilroxychlordcne) , and 5 (Fig. 1E,F). Although the heptachlor 
epoxide peak was overlapped and hidden by peak 5 in the chromate- 
grams of the unf ract ionated soil extract (Fig. 1A,B), the amount ei 
heptachlor epoxide present in the extract was quite small compan 
with that of the unknown. The two components were separated on tht 
117, (QF-1 plus 0V-17) column, but then the unknown and gamma-chlotu is 
peaks were not resolved. 

For isolation of larger quantities of the components, addi- 
tional extracts were prepared of the Oregon soil remaining from 
previous analyses. By rechromatographing fractions on silica 
gel columns and varying the solvents and amount of silica gel, 




ris. u 



- J 



f*. 10 



fig. ic 






t 



ne. ic 




'!(,. \< 



Figure 1. Gas chromatograms (37, DC-200 column) of Oregon soil 
extracts and fractions of the extract through a silica gel 
column: (A) 0.4 u^l of original extract; (B) 2.0 u^l of original 
extract to show minor peaks; (C) fraction 5, eluted with pun- 
tane; (D) fraction 15, eluted with pentane; (E) fraction 32, 
eluted with 90:10 pentane:<Jiethyl ether; (F) fraction 34, 
eluted with 85:15 pentane:diethyl ether. 
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fractions consisting mainly of one component were obtained. 
Hexane and isopropyl alcohol which were used in preliminary 
experiments were replaced by pentane and diethyl ether in 
later experiments. The silica-gel column fractions were 
analyzed on several columns in different gas chromatographs. 
In all cases, peaks 2, 4, 5A, 6, 7. and 8 corresponded to 
standards of heptachlor, l-hydroxychlordene, heptachlor .epoxide, 
gamma-chlordane, alpha-chlordane, and nonachlor, 

iously undetected components became apparent in cer- 
tain fractions. Although these component:; could be breakdown 
products of the ether components on the silica gel column, wo 
bi i iy are minor components which were concentrated by 

; retained on the column and then fluted in specific pat- 
terns. Although in many cases a wry large and sharp peak 
would he obtained for such components, the entire quantity of 
the specific component was too small for identification. Frac- 
tions that contained unusual components are being saved for 
sible reference materials for later studies. 

The unknown component (peak 5) was postulated to be a deg- 
radation product of l-hydroxychlordene, the major component in 
the Oregon soil after weathering for only 1 year. The elution 
of both the unknown and L-hydroxychlordene from the silica gel 
column was similar and gas chromatographic peaks of both tended 
to tail. In a recent paper, Miles, Tu , and Harris (5) reported 
the epoxidatien of i-hydroxyehlordene by soil microorganisms tra 
1 -hydroxy-.- , ?-epoxychlordcne . This hydroxy-epoxide has also 
been reported by Kaul et_ aj_. (f->) as a metabolite in rats which 
were intravenously injected with heptachlor, and by Brooks and 
Harrison (7) as a metabolite of chlordene in the housefly, Musca 
d onio s t i c a L. Brooks (8) reported that both l-hydroxychlordene and 
l-hydroxy-2 , 3-epoxychlordene were nontoxic when topically applied 
to adult female houseflies. 

The retention time of the unknown on four gas chromato- 
graphic columns agreed with those of an authentic reference stan- 
dard u f l-hydroxy-2 ,3-epoxychlnrdene furnished by Dr. Percy B. 
Polen of Vol stool Chemical Corporation. The p_-values (3, A) ob- 
tained with pentane and acetonitrile also checked. Mass spectra 
were compared for the standard hydroxy-epoxide and the unknown. 
The patent peak end of the spectra of both known and unknown 
showed a group of peaks of similar relative intensities. The 
lowest of these had a m/e value of 368, corresponding to the 
formula C10H6O2CI5 . Higher m/e values corresponded to the var- 
ious C1 35 -C1 37 combinations, with the m/e for -CI 3 , 7 (380) being 
barely apparent. The data thus indicate that the component found 
in the Oregon soil which had been treated 4 years previously with 
technical heptachlor is l-hydroxy-2, 3-epoxychlordene. 
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For .ill soils except the Quincy loamy fine sand of Oregon, 
achlor and gamma-chlordane ( trans -isomer present in technical 
K r) are still the major components (Table 1). Essen- 
, -; eptachlor remained in the Oregon soil, and the major 
-ponent was 1-hydroxychlordene. This degradation product of 
rtdchlor was also found in the Hawaii (Makalapa clay) and 

■ {Lakeland sand) soils. Relatively tiigh values for hep- 
. i Lde were found for the Hawaii and Missouri (Lebanon 
:t loam) soils. Only traces of 1-hydroxychlordene and heptachlor 
- ^ide were detected in the soil from South Carolina (Cataula 
imy .-. I - 



TABLE I 



13.6 


1.9 


41.0 


95.9 


. . . * 


29.5 


238. 


■ > • 



; insecticide residues (ppm) found in upper 1-inch layer 
el various soils weathered for 4 years after application 01 
water emulsion of 0.5% technical heptachlor at 2 pt/sq ft 



:".<-ld location Heptachlor , -chlord.-me 1 -OH-chlordene 

[ e;mx ide 

"ieriJa 148. 90.1 

.■ail 425. 387. 

-souri 472. 191. 

0.0 106. 

t : rolina 482. 142. 

Pi ik either missing or too small to calculate. 

Research reported here is part Of a field evaluation of ehto- 

i hydrocarbons— for control of various species of termites 
fforetit soils and climates in the United States (1). After 
r .it the Oregon test site, much at the heptachlor was converted 
I-hydroxychlordene, the major component in the extracts prepared 
■-'»m tne soil (2). After 4 years essentially no heptachlor rem. iiii.nl, 

it ion of the i-hvdroxychlordeue hid further degraded to 
■' yd re .sy-2 , 3-epoxvchlordi ne . Tims, under certain conditions such 

found at the Oregon tc*t site, a major pathway pi heptachlor 
•■i in soil is hydrolysis tv L-kydrvucychlorderte, which i hen 
> Mi be .-p,vxid i,:ed . Epoxidatmn was probably effected |.y mm I ihuto- 
•T.anisin-. (5). To our knowledge, 1 -ii _■--■.! i i xy-2 , 3-epexychlorde.tM! ha:; 
[ !>eei reported previously as .i degradation product in hepLachlor- 
1 tea ted soils. 



_ This publication reports research involving pesticides- lL does 
Tl c l t contain recommendations for their use nor does it imply thai the 
-ses discussed here have been registered. All uses of pesticides 
•Hist be registered by appropriate State and/or Federal agencies beiare 
'ney C an be recommended. 
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EFFECTS OF REPEATED APPLICATIONS OF 
PESTICIDES TO SOIL" 

I>. Ciitsilot.M, A. W. M.\t full- \\r> ('. R. MACTvACIIRKN 
Canada Department p/ Airicultiirti Kevtviilt, N.S. 

[Roevlveil f.ir iiiiWicutinn May U, H.(S| 

ABSTRACT 

I In oflerts of repeated replications nl carious pesticides to the soil were 
invi --iii;.iif(l during V)V> to 195.1 in a field experiment .it Kenuilli', \.S. 
Apiilii ,ni ins i*f .irsrnic, DOT, fvrlmit, and -ulpliiir c.UHrd a di-r n-.i.-.r In the 
■t smite crap*. I*1>1. arsenic, ami Hill' amiituil.tled in tin- soil, 
crliercas pnr.it hum ant! sulphur did not. There was e\ idenec of tr.iuslm it ion 
i.i paratniiui and H1K in plants. Arsenic, sulphur, fcrh.mi, ami UIIC 
influenced tin' chemical composition of the .-oil. 

INTRODUCTION 

The introduction of various types of organic compounds has greatly 
increased the number and variety of pesticides in general use, Many of 
the newer matcri lis, as well ;ts others that have been in use for a considerable 
time, are highly toxic. This and the possibility of accumulations result tut,' 
front repeated yearly applications make it essential to have information on 
the effects of pesticide residues in soils. 

In the sprint; of 1°4°. a field experiment involving pesticides commonly 
used in orchard sprays was initiated at Keiuville, N.S, The results 
obtained during a 5-year period arc presented in this paper. 

MATERIALS AND METHODS 

The experimental layout was a randomized block design with four 
replications. The individual plots were 13 ft. X 16 ft. (approximately 
1 200 aerei and were separated by S-foot cultivated strips. The soil in 
the experimental are i has been classified as lleruick sandy loam (<)), which 
is one of the common soil types in the Annapolis Valley. 

The pesticides were applied annually in late May or early June before 
planting. They were added to the surface of the plots in water suspension 
and then thoroughly incorporated into the soil to a depth of approximately 
6 inches with a rotary cultivator. Treatments, together with the rates and 
years of application, are given in Table 1. 

It was estimated thai the amounts ol pesticides applied annually were 
roughly comparable to those that would be used in an average spray 
program during a 5-ycar period, and thus information in regard to the 
possible elTccts of long-term spray programs would be obtained in a 
relatively short lime. Taking an acre of soil to a depth of 6 inches as 
weighing 2,0(10.000 11),, the concentration of active ingredient resulting 
from each application would be: arsenic (As), 45 p. p.m.; DDT, 52..? 
p. p.m.; parathion, 15.7 p.p.m. ; sulphur (SI, 628 p. pan.; ferbam, 73. 2 
p. p.m.; BHC 13 p.p.m.; and chlordane, 5 p.p.m. 

" Contribution \ i 2S2. Chemistry Piii*ion, anil No. MIS, FiitQiiuiWr Division. Science Service, Canada 
I Ki.irt in.-iit ill Agriculture, Otl.nvJ. 
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Annual 










Pesticide 


application 




Vcars of app 


ication 




(lb./ac.) 










Lead arsenate (I'biFAsO,) 


110 


1949, 


1950, 1951, 


19?', 


1953 


DDT {5(i% w.p.) 


209 


1<J49. 


1950, [951, 


1952, 


1953 


Parathion (15^ W.P.) 


209 


1949, 


1950, 1951, 


1952. 


1453 


Sulphur (S) 


1,256 


1949, 


1950 — 






Ferbara (70% active ingredient) 


209 


1919, 


1950, 1951, 


1952, 


1953 


BHC (50% W.P. 6% framma) 


S2 


— 


1950, 1951, 


1952, 


[953 


Chlordane (40% W.P.) 


25 


— 


1951, 


1952. 


19S3 



Beans, buckwheat, carrots, and potatoes were used as test crops from 
1949 to 1953, inclusive. Onions were included in 1951 and 1952. Mil her 
3-15-6 or a 6-12-6 fertilizer at 800 or 1,0001b. per acre was applied annually 
and manure was also used in 1949 and 1951. The crops were grown in 
the same relative position each year but were rotated annually within each 
plot so that the same crop was not grown in the same row in successive 
years. At maturity the crops were harvested, yields recorded, and repre- 
sentative samples taken for the determination of pesticide content. 

Composite soil samples, representative of the 0-6 inch depth, were 
taken from each plot before and immediately after each annual pesticide 
application and again at the end of the growing season. Determinations 
for nitrate nitrogen were made according to the A.O.A.C. method (11) and 
organic matter, exchangeable bases (calcium, magnesium, potassium), total 
and available phosphorus, exchangeable manganese, and pH values were 
determined by methods given by Wright et at. (14). 

The following methods were utilized in determining the pesticide con- 
tent of soil and plant samples: arsenic, Allcroft and Green (2) and A.O.A.C". 
(11); DDT, Donovan (7) and Schechter et al. (13); parathion, Averell and 
Nona's (4); BHC, Donovan (7) and Schechter and Hornstein (12); 
chlordane, Davidow (6); sulphur, soil samples extracted with carbon 
tetrachloride, plant samples wet ashed with nitric and perchloric acids, 
sulphates precipitated with barium chloride and weighed. A satisfactory 
chemical method for the determination of ferbam was not available. 

Crop yield data as well as the results of chemical analyses were treated 
statistically by making an analysis of variance, and Student's I test was 
used to determine what treatments were significantly different from 
the check. 

RESULTS AND DISCUSSION 

Crop Yields 

The average yields are presented in Table 2. 

Arsenic, applied to the soil as PbHAs0 4 , was considered the toxic 
element in the lead arsenate, although the possibility of lead toxicity is 
recognized. In plots treated with lead arsenate there was a significant 
reduction in the yield of beans in 1950 and in each succeeding year up to 
and including 1953; no consistent effects on the yields of other crops 
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Sept -Oct., 1955] chishoi.m i;t al.— applications of pesticides to soil 
Tari.k 2. — Effects of pesticides on crop vinos 
(Average yields of four replicates -pounds per plot) 
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Pesticides applied 










V<-.u 

1<J49 
















Check 


CrOU 


Arsenic 


DDT 


Parathton 


Sulphur 


Ferbam 


BHC 


Cbtordane 






44 3 


40 1 


40 7 


J7.0 


38 1 





— 


38.5 


(mlwrs) 


ItJSO 


16 1* 


20.0 


.'J 9" 


2.8" 


16 I' 


25. 9" 


~~ 


19.2 


1151 


]9 4 


21 6 


17 1 


6 U" 


IS. 4 


19 2 


:.■ 1 


19.1 




19SJ 


15 4 


19 4 


It. I 


»»■ 


IS 5 


20 6 


18.5 


16 1 




1W2 


l.S 6 


26.0 


29 3* 


16 1 


23 4 


u s 


25.3 


20.9 




1949 


H 4 


28. 


25 1 


a 4" 


23,6 


— 


- 


25.5 
15.4 

19 5 


(roots) 


l<J5Q 
1951 


18 ,7 
25 J 


IS. 9 

24 4 


11 6 
19.7 


,! .I" 

2.2" 


li 1 
16 I 


12 .8 
15 2 


20,3 




1952 


10.0 


12. S 


10 


0.0" 


7.5 


17.2 


9.6 


13.7 




I9SJ 


31.6 


42.3 


34 J 


J.I" 


23.5" 


la a 


36.6 


35.8 




1949 


J. 2 


J 1 


J.I 


2 5" 


3.1 


— 


— 


3 4 
4.7 
6.1 


(green bearw) 


19 JO 
[951 


3 1" 
2 4" 


2.7" 
1 ,9" 


4 2 

5 4 


0.3" 

2 2" 


3.4" 
3.3" 


4.9 

5.8 


5.8 




1952 


2.S" 


I.J" 


6 4' 


1.7" 


5.2" 


St) 


6.5 


7.9 




1953 


IJ" 


l.l" 


5 6 


2.2" 


3 7 


5 4 


4.5 


4.8 




!»M 


IV 4 


IS. 4 


20 4 


7 9" 


17.3* 


- 


— 


21.7 
12 5 

14.8 


(aerial portion) 


i y 5ii 

1951 


17 8' 
19.8" 


12 9 
13.2 


16 4 
13 5 


2.5" 
1 1 5 


6 1" 

1? 1 


I 1 A 

II 9 


15.8 




I9ii 


22.4 


14 4 


20.0 


16 6 


16. S 


IS ! 


ISO 


21 7 




1953 


l(>.7 


8,7" 


12 3 


14 9 


II. 6 


Ill 4* 


13.0 


15.9 


Onions 
(bulbs) 


I0J1 
1952 


8 4 
4 9 


5 9* 

21' 


7 
3 9 


1" 

ll 2" 


3.4" 
1 4" 


5.7* 
2.6 


6.5 
3. J 


8.3 
3.6 


* Significant at P 


3.05. 


















•• Sixnlhcanl at P 


a.oi. 



















resulted. Serious accumulations of arsenic have been reported where 
heavy dosages have been applied for insect control. Foster (8), reviewing 
the arsenical residue problem in the western United States, reported that 
arsenic accumulations in the surface soil were largely responsible for 
increasing difficulties in the growing of certain cover crops although deep- 
rooted orchard trees remained unharmed. Cooper et al. (5) reported a 
marked reduction in certain crops grown on areas previously sprayed with 
arsenic its for control of cotton insects. 

DDT caused a significant reduction in the yield of beans in the years 
1050 to 1953, inclusive, of buckwheat in 195.?, and of onions in D51 and 
1952. Several workers have reported reduction of crop yields resulting 
from heavy applications of DDT to the soil. l.indgren et al. (10) have 
shown that 128 lb. or over of DDT per acre caused reduction of y.eld of 
Stringless Black Valentine bush beans. A report by Foster (8) states that 
100 lb. per acre caused a reduction in the yield of the same variety of beans. 
Acklcy et al (1) have reported that residues of DDT resulting from treat- 
ments for insect control had approached phytotoxic levels when soil samples 
in 29 orchards of the Wenatchee and Yakima areas showed an accumulation 
of 22 to 62 lb. of DDT per acre in the surface 4 inches of soil under the 
spread of the trees. 
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PartUhinn-trcited plots showed no consistent differences from the 
cheeks in crop \ ields. It appears improbable that phytoto\ic acruniuli- 
tions of p.iiMihion will result from pest control treatments at recommended 
dosages. Foster (8) states tli.it toxic residues in the s >it arc not .in object of 
concern but indie, ites that a temporary depressing effect on germination 
and stand may occur. 

Sulphur, which was applied only in I !*' and 1050, caused reduction in 
Crops yields of carrots ami Ivans in 1940 to 1953, inclusive, of potatoes in 

1950 to 1952, inclusive, of buekwheal in 1949 and 1950, and of onions in 

1951 and 1952. There was, therefore, a yield recovery of buckwheat in one 
year and of potatoes in three years after the List sulphur trcatnuri. 

Ferbam reduced the yield of beans in 1 050. 1951, and 1952, of potatoes 
in 1050, of carrots in 1953, of buckwheat in 1949 a\u{ 1050, and of onions 
in 1051 and 1052. The effects of this material, which were seemingly 
inconsistent, suggest the possibility of indirect or secondary effects on 
crop growth. 

BIIC caused a highly significant increase in the potato crop in 1050, 
the first year ihis pesticide was applied. A significant decrease in the \ icld 
of onions resulted in 1051 but did imi recur the following year. The buck- 
wheat crop was decreased in 3053. The rather inconsistent results indicate 
a secondary or indirect rather than a straight loxie effect on the crops. 
Foster (8 found that technical BHCal 400 lb. per acre "virtually eliminated 
all growth" of some 15 crops being tested. The highly purified ganini i 
isomer of HI It", however, is reported by the same workers as having no 
adverse effects on germination and stand of crops even at concentrations of 
400 lb. per acre. 

Chlordane treatments applied in 1951, 1052, and 1053 at the rate of 
10 lb. actual toxicant per acre did not affect the yield of the test crops, 
[•"aster (8) found that chlordane at 25 lb. per acre depressed the stand of 
most vegetable crops. 

Accumulation of Pesticides in the Soil 

The concentrations of the active ingredients of the added pesticides at 
dates of application and at the end of each growing season for the years 
I040 to 1053, inclusive, are presented graphically in Figure 1. 

Arsenic, DPT, BIIC, and chlordane appeared to be relatively stable in 
the soil. Although there was a gradual decrease in concentration of these 
compounds in the soil throughout the year, their repealed application 
resulted in a build-up. Allen ct al. (3) reported that plots treated with 
100 lb, of DDT per acre in 1047 h id a residue of 28.2 lb. per ace in 1951 
in the top 6 inches of soil, and that after 3 years about one-half of a 100 lb. 
per acre application of RHC had disappeared. 

Parathion disappeared rapidly from the soil. After annua! spring 
applications of 15.7 p. p.m. active ingredient over a period of 5 years, the 
final concentration in the soil at the end of the fifth year was only 0.5 p. p.m. 
This finding agrees with the conclusions of Foster (8) on the instability of 

the compound. 
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Sulphur applications resulted in marked increases in soil aridity, and 
elemental sulphur rapidly disappeared. 

Translocation of Pesticides to Plants 

Chemical analyses were made of the plants grown and the following 
conclusions arrived at as to translocation. 
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There was definite evidence of translocation of parathion in beans and 
buckwheat. Although parathion was not found in the edible part of the 
bean plant, that is, the pod and contents, it was found in the leaves and 
stems. It was found also on the surface of carrots and on the peel of potato 
tubers grown in pa rath ion -treated soil. 

There did not appear to be any appreciable degree of translocation of 
DDT or chlordane in the plants grown in this experiment. Traces were 
found only on the surface of carrots and potatoes, and were probably due 
to contamination from the soil. 

Translocation of BHC to root crops, that is, potatoes, carrots, and 
onions, was indicated by organoleptic tests and the presence of ttllC was 
definitely shown by niicrochemieal analytical methods. 

Increased concentrations of arsenic in the soil resulted in an increased 
arsenic content in the plants. 

Crops tended to avail themselves of increased sulphur in the 
provided the sulphur concentrations were not such as to prove injurious 
to crop development. 

Effects of Pesticides on the Chemical Composition of Soil 

Soil fertility investigations by chemical analytical methods indicated 
the follow i ni;: 

Arsenic, considered to be the active ingredient in lead arsenate, had no 
significant effect on pH, readily soluble phosphorus (Truog's method), 
exchangeable basis, exchangeable manganese, or organic matter. Nitrate 
nitrogen content was significantly higher in the 5-year averages but not 
on a yearly basis. 

DDT, pa i lit It ion, and chlordane had no significant effect on the pll of 
the soil or on the concentrations of the plant nutrients determined. 

Sulphur added as elemental sulphur at 1,256 lb. per acre in each of two 
successive years lowered the pH of the soil from 5. 16 in 1949 to 3. 70 in 1950. 
Although sulphur was not added in the last ihree years of the experi- 
ment, in 1953 the pH of the treated plots was still significantly lower than 
that of the checks. There was, however, a gradual decrease in soil acidilx 
from 1951 to 1953. Nitrate nitrogen content was significantly lowered. 
J he concentrations of the exchangeable bases calcium and magnesium were 
significantly decreased as a result of the sulphur treatments but the 5-year 
average lor potassium was found to be not significantly different from that 
for the check plots. 

Fcrbun: significantly decreased the nitrate nitrogen content of the soil 
in the third, fourth, and fifth years of the experiment and the 5-year average 
was also significantly reduced. The amount of exchangeable manganese 
was significantly increased in the third and fifth years as was also the 
5-year average. 

JillC treatments significantly increased the exchangeable manganese 
content in each of the four years it was applied. 
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CONCLUSIONS 

The continuous use of arsenic, DDT, ferbam, or sulphur for pest 
control purposes presents the danger of an eventual build-up in the soil 
that may be detrimental to plant growth. This is particularly true where 
comparatively large dosages are applied repeatedly, as in orchards. 

The effect of ferbam on the nitrate nitrogen content and that of BHC 
on exchangeable manganese indicated that these compounds exerted an 
influence on soil organisms. 
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Residues in Soybeans Grown in Soils 
Treated with Heptachlor or Chlordane 
Or Sprayed with Chlordane 



H. W. Dorouch, N. M. Randolph and G. L. Testes* 



THE USE OF HEPTACHLOR AND CHLORDANE to Control 
insect pests of soybeans not only depends on their ef- 
fectiveness as control agents but also on the magnitude 
and toxicological significance of resulting residues. Both 
of these toxicants are well established insecticides and 
hive proven effective against a wide range of pests, 
especially soil insects. Thus, from the control standpoint, 
it is likely that they would be favorably considered for 
use in a soybean production program. Residue problems, 
if any, which might occur as a result of their use in 
this manner hive not been well defined. 

As with most insecticides, there was a reasonable 
expectation that residues at some level would be present 
in soybeans treated with heptachlor or chlordane. It is 
possible for the materials to be translocated from soil 
applications into plant parts used as food or feed stuffs. 
Both heptachlor and chlordane applied as granules to 
the soil resulted in relatively high residues in the meat 
of the peanut (Morgan et at, 1967). These authors 
concluded that applying 2 pounds of heptachlor per 
acre would cause residues of heptachlor epoxide in 
the soil at levels which would produce measurable 
residues in the next season's crop. In the case of wheat, 
heptachlor and heptachlor epoxide were translocated 
into the plant in sufficient quantity to kill larvae of 
the wheat stem sawfly in the stem (Wallace and Butler, 
1967). 

Similar reports have been presented in which soy- 
beans were used as test plants. Eden and Arthur (1965) 
showed that soybeans grown on heptachlor-treated soil 
contained heptachlor and heptachlor epoxide residues. 
Translocation of the materials was not definitely estab- 

* Respectively, associate professor, associate professor and research 
associate. Department of Entomology, Texas A&M University. 



lished since statistical analysis revealed that none of the 
residues was significantly different from the untreated 
check. A subsequent study (Bruce and Decker, 1966) 
showed that residues of heptachlor in soybeans were 
related to the concentration of j esticide in the soil. 
Residues in the whole soybeans resulting from treatment 
rates of 2, 5, 10 and 20 pounds of heptachlor per acre 
were 0.06, 0.12, 0.20 and 0.31 ppm, respectively. Ninety 
percent of the residues were in the form of heptachlor 
epoxide. These data were calculated on a whole-bean 
basis with the oil content being approximately 18 percent. 

In addition to the importance of insecticide resi- 
dues in products consumed directly by humans, one 
must be concerned with residue levels of heptachlor 
and chlordane that could cause indirect contamination 
of food products. This was exemplified by the work 
of Westlake, et al (1963). These workers showed that 
dairy cows grazing on pasture grass treated with chlor- 
dane produced milk containing residues of heptachlor 
epoxide and chlordane. Although the total residue 
level was low, less than 0.1 ppm, it occurred as a result 
of the cows feeding on grass containing 1.5 ppm or 
less chlordane residues, 

Our current research supports the earlier findings 
that heptachlor and chlordane are translocated into 
plants, specifically soybeans, and points out the levels 
of residues found in soybeans grown locally in soils 
treated with these two insecticides. Additionally, similar 
studies were conducted following foliar application of 
chlordane to soybean plants. 

METHODS AND MATERIALS 

Four field plots, Lufkin Fine Sandy Loam, each 
10 feet wide and 31.1 feet long, were used for each 
insecticide treatment. In tests designed to determine 
the quantities of residues in soybeans grown in hepta- 



clor- and chlordane-treated soils, the insecticides were 
applied to freshly disked plots in sufficient water to 
give a total of 9.6 gallons of spray per acre. Heptachlor 
was applied at rates of 3 and 6 pounds of actual toxicant 
per acre and chlordane was applied at rates of 8 and 12 
pounds of actual toxicant per acre. The soil was disked 
following application of each insecticide, and 8 days 
later, May 5, 1967, the soybeans (Lee Variety) were 
planted. There were two rows planted in each field 
plot. Additional plots of soybeans were planted at the 
same time for use in tests involving the foliar treatment 
of soybeans with chlordane. Soybeans used for control 
samples were planted adjacent to the treated plots. 

Approximately 3 months after planting, August 9, 
1967, the soybeans grown in the untreated soils were 
sprayed with chlordane. Four plots were treated at a 
rate of 1 pound per acre, and another four plots were 
treated with 3 pounds of chlordane per acre. The total 
volume of spray was 3.5 gallons per acre. Seven days 
after the first foliar application, the same plots were 
sprayed again in an identical manner. 

Soil samples were taken from all plots on the day 
the soybeans were planted. Twenty cores, 1 x 6 inches, 
were collected from each plot. Soybean plants were 
taken for residue analysis on September 21, 1967. At 
this stage of development, small bean pods were present 
on the plants. On October 25, the mature soybean seeds 
were harvested, shelled and stored in a sealed container. 
All samples were kept frozen until analyzed. 

Rainfall during the interim of these tests was 
May 3, 5 inches; June 1, trace; July 9, 3 inches; 
August 2, 1 inch; September 9, 3 inches; and October 1, 
2 inches. The plots were surface irrigated between rows 
on July 31 and August 2, 9 and 11, 

Quantitation of heptachlor and chlordane residue 
was accomplished using a Barber-Colman Series 5000 
gas chrornatognph equipped with an electron capture 
detector. Samples taken from plots treated with hepta- 
chlor were analyzed fur heptachlor, heptachlor epoxide 
and alpha-chlordane. Those taken from chlordane- 
treated plots were analyzed for gamma-chlordane, alpha- 
chlordane, heptachlor and heptachlor epoxide. Ana- 
lytical standards of these materials were provided by 
the Velsicol Chemical Company. The use of a 6-foot- 
column containing 10 percent SE-30 Anakrom ABS, 
80/90 mesh, operated at 175°C. gave retention times 
of 7.7, 13.2, 15.2 and 17.3 minutes for heptachlor, hepta- 
chlor epoxide, gamma-chlordane and alpha-chlordane, 
respectively. 

Soil samples, 100 grams, were extracted with 200 
milliliters of a 1:1 benzene-acetone mixture. The extract 
was washed with water, and the organic solvent layer 
was dried with anhydrous sodium sulfate. The extract 



was concentrated and analyzed without further cleanup. 
Fifty-gram subsamples of chopped soybean plants were 
homogenized with 80 milliliters of water and 100 milli- 
liters of acetonitrile and filtered. Then 500 milliliters 
of 2 percent sodium chloride solution were added. The 
filtrate was extracted twice with 100 milliliters of pe- 
troleum ether, which was dried with anhydrous sodium 
sulfate, and concentrated to a volume suitable for 
analysis. 

Insecticide residues were extracted from the soy- 
bean seeds by homogenizing 50 grams of the finely 
ground beans in 100 milliliters of 95 percent ethanol 
for 2 minutes and then for an additional 3 minutes 
after adding 100 milliliters of benzene. After filtration, 
the solid bean residue was extracted again with 100 milli- 
liters of benzene. The organic solvent extract was 
washed three times with a 2 percent chloride solution; 
500 milliliters for the first wash and 200 milliliters for 
the other washes. The wishes were discarded, and the 
extract was dried with anhydrous sodium sulfate and 
concentrated to an oily residue. One-half of the oil, 
but not exceeding 5 milliliters, was removed and suf- 
ficient petroleum ether was added to bring the total 
volume to 25 milliliters. This was then extracted four 
times with 25-millilitcr-portions of acetonitrile. To the 
combined acetonitrile extract was added 100 milliliters 
of petroleum ether and 500 milliliters of 2 percent 
sodium chloride solution. After thorough mixing, the 
aqueous layer was discarded, and the organic solvent 
fraction was washed twice with distilled water. The 
petroleum ether was dried with anhydrous sodium sul- 
fate and concentrated to about 5 milliliters. 

The concentrate was transferred to the top of a 
florisil column which had been prepared in the follow- 
ing manner. Florisil activated at 1093° C. and stored 
at 130° C. was added to a 2 x 30 centimeter column to 
a height of 4 inches. One-half inch of anhydrous sodium 
sulfate was placed on the florisil, and the column was 
washed with 50 milliliters of petroleum ether. After 
the extract was placed on the column, the insecticides 
were eluted with 300 milliliters of a 1:1 mixture of 
petroleum ether and ethyl ether. The eluate was then 
concentrated, and an aliquot was injected into the gas 
chromatograph. 

RESULTS 

Heptachlor-Treated Soils 

Heptachlor applied to the soil at a rate of 3 pounds 
per acre resulted in average residues in the soil of 0.44 
ppm 8 days after treatment (Table 1). Fifty percent of 
these residues were alpha-chlordane, 32 percent hepta- 
chlor and 18 percent heptachlor epoxide. Applying 



TABLE 1. RESI0UE5 IN SOYBEANS GROWN IN SOILS TREATED WITH 
HEPTACHLOR PRIOR TO PLANTING 



Insecticide 

residues 



PPM residues m soils or planting, in 
soybeon plants and in soybean oil 



Soil 



Soybean plants 1 Soybean oil 



3 pounds per acre 

Heptachlor 0.141.1 1 -.191 <0.01 0.031.02-04) 

Heptachlor epoxide .181.01-17) .05I.01-.04J .381.28-49) 

Alpha-chlordane .25). 18-. 28) .01(01-02) .071.05-. 10) 

Total .54 .03 -48 

6 pounds per acre 

Heptachlor 0.34(.28-4l) <0.0) 0.06(04.13) 

Heptachlor epoxide .04|.02-.O6) .O6(.04-.10) .811.38-1.3} 

Alpha-chlordane .55).49-.63| .01(01-02) .08(.04-.lS) 

Total .93 07 .95 

'Values represent average Dpm in eight samples, two somples from 
each of four field plots. Ihe ranges are given in parenthesis. 

'Whole plants harvested 140 days ofter planting. 

'Oil constituted approximately 10 ,-jercenf of soybean seeds. Mature 
seeds harvested 174 days after planting. 

heptachlor at a rate of 6 pounds per acre gave residues 
of 0.93 ppm in the soil after 8 days. The composition 
of the residues were similar to that observed in soils 
treated with 3 pounds of heptachlor per acre. An assay 
of untreated soils (Table 3) showed that less than 0.1 
ppm of the residues were present prior to the applica- 
tion of heptachlor for these studies. 

Soybean plants grown in soils treated with 3 and 6 
pounds of heptachlor per acre contained small amounts 
of insecticide residues when analyzed 140 days after 
planting (Table 1). Average total residues were 0.03 
and 0.07 ppm or the two treatments, respectively, 
Heptachlor epoxide was the major component of the 
total residues while alpha-chlordane was present at about 
the 0.01 level. Only trace quantities of heptachlor were 
detected. 

The insecticide content of beans from soybeans 
grown in heptachlor-treated soils is shown in Table 1. 
These data represent the ppm insecticide residues in 
the extracted bean oil which constituted approximately 
10 percent of the weight of the whole beans. When 
calculated on this basis, it was found that the total 
residues in the oil, 0.48 and 0.95 ppm for treatment 
rates of 3 and 6 pounds per acre, were about the same 
level as detected in the soil 8 days after treatment. How- 
ever, the relative concentrations of the three materials 
assayed were quite different. Whereas heptachlor epox- 
ide was a minor residue in the soil, it was the major 
residue in the soybean oil. The combined residues of 
heptachlor and alpha-chlordane were only 20 percent 
of the total residues quantitated. 

Obviously, heptachlor epoxide must be considered 
as a possible contaminant of soybean oil if the crop was 
grown in soils treated with heptachlor. This study 
indicates that the concentration of heptachlor epoxide 



in the oil was approximately two and one-half times that 
level of heptachlor, per se, in the soil at planting. 
Additional investigations will be necessary to determine 
if this same factor would hold true for different soil 
types, different soybean varieties and different ambient 
conditions during the growing season. 

Chlordane-Treated Soils 

Total residues of alpha-chlordane, gamma-chlordane 
and heptachlor epoxide in the soil at the time soybeans 
were planted were 0.79 ppm following chlordane ap- 
plication at 8 pounds per acre (Table 2). When applied 
at 12 pounds per acre, the total residues were 0.84 ppm. 
Unfortunately, these two applications yield almost iden- 
tical levels of residues in the soil rather than being 
significantly different as anticipated. The reason for 
this occurrence was not clear. However, it was apparent 
from agreement among replications that it was not 
caused by an uneven application of the spray. More 
than 90 percent of the quantitated residues in the soil 
were alpha- and gamma-chlordane. Only small quantities 
of heptachlor were detected while the concentration of 
heptachlor epoxide was always less than 0.01 ppm, the 
limit of sensitivity of the analytical method. 

Analysis of whole soybean plants harvested at pod 
formation revealed total residues of 0.03 and 0.07 ppm 
when the plants were grown in soils treated with 8 and 
12 pounds of chlordane per acre, respectively, (Table 2). 

Oil from soybeans grown in soils treated with chlor- 
dane contained residues of alpha- and r;amma-chlordane 
and heptachlor epoxide (Table 2). The concentration 
of gamma-chlordane was approximately one-half that 
of alpha-chlordane, and their sum was approximately 
one-fourth of the sum of their concentration in the soil 

TABLE 2. RESIDUES IN SOYBEANS GROWN IN SOILS TREATED WITH 
CHLORDANE PRIOR TO PLANTING 



Insecticide 
residues 



PPM residues in soil at planting, in 
soybean plants and in soybean oil 1 



Sol 



Soybean ptanis' Soybean oil* 



8 pounds per acre 

Alpha-chlordane 0.331.22-611 0.02(.01 -.031 0.131.08- 22) 

Gamma-chlordane .421.28-781 .Ol(.0l-.02| 06(. 05-07) 

Heptachlor .041.02-07) <.01 <.0I 

Heptachlor epoxide <.01 <.0I .11 [.07-20] 

Total -79 .03 -30 

12 pounds per acre 

Alpha-chlordane 0.351.22-49) 0.04(.03-.05J 0.1 8(. 1 5-.22I 

Gamma-chlordane .42j.27-.60) .03|. 02-03) .07105- 12) 

Heptachlor .07(. 03-111 <.01 <.01 

Heptachlor epoxide <.01 <01 .171. 12-20) 

Total .84 .07 .42 



'Values represent average ppm in eight somples, two samples from 
each of four field plots. The ranges are given in parenthesis. 

'Whole plants harvested 140 days after planting. 

'Oil constituted approximately 10 percent of soybean seeds. Mature 
seeds harvested 174 days after planting. 
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at planting. The level of heptachlor epoxide in the 
oil was about two and one-half times its concentration 
in the soil. 

Chlordane-Treated Plants 

Untreated soils in which soybeans were planted 
for studies involving foliar applications of chlordane 
contained low levels, 0.09 ppm total, of alpha- and 
gamma-chlordane (Table 3). These data represent the 
magnitude of residues in soils prior to the application 
of heptachlor and chlordane in the above studies, Hep- 
tachlor and heptachlor epoxide were below the level 
of sensitivity of the method. None of the pesticides 
considered in this study was detectable in soybean plants 
or seeds when grown in the untreated soil. 

As expected, the level of residues in soybean plants 
was considerably greater following foliar application of 
chlordane than when the insecticide was applied to the 
soil. Plants sprayed with chlordane at a rate of 1 pound 
per acre had residues of 038 ppm when harvested 36 



TABlE 3. 
DANE' 



RESIOUES IN SOYBEANS SPRAYED TWICE WITH CHLOE- 



Insectitide 
residues 



PPM residues in soil of plonting, in 
soybean plants and in soybean oil* 



Soil' 



So*, bean plants* Soybean oil* 



Alpha-chfordane 
Gamma-chlordane 
Heptachlor epoxide 
Total 



1 pound per acre 
0.02[.01-.03| 0.16[.09. ,20) 
.071.03-. 101 ,22|.I3-.27| 

<.01 <01 

,C9 .36 



3 pounds per acre 
Alpho-cMordone 0,04(.01 -.06| 0.51 (.28-.o8) 

Gommo-thlordone .05l.03-.07) .69|.46-.92| 

Heplochlor epoxide <.01 <.01 

Total 09 



0.251.18- .31) 
.2H.15-.30) 
.16l.14-.22) 

.62 



0.34|.24-39) 
.23l.1S-.26) 
.151.1 1 -.19] 
.72 



'Second tre.itment applied 7 days after the first. 

"Values represent average ppm in eight samples, two samples from 

each four field plots. The ranges are given in parenthesis. 
"Soils sampled at time of planting, untreated. 

"Whole plants harvested 36 days after the last insecticide application. 
'Oil constituted approximately 10 percent of soybean seeds. Mature 

seeds harvested 70 days oftet last insecticide application. 



days after the last two treatments applied 7 days apart. 
Gamma-chlordane made up 57 percent of these residues, 
while the remainder was as alpha-chlordane. This same 
ratio was observed in plants treated with 3 pounds of 
chlordane per acre although the total residue content 
was 1.20 ppm. Heptachlor and heptachlor epoxide were 
not present in the plants at a detectable level. 

Alpha-chlordane, gamma-chlordane and heptachlor 
epoxide were detected in the soybean oil. Oil from the 
crop sprayed with 1 pound of cl lordane per acre con- 
tained a total of 0.62 ppm residues, and the oil from 
the crop treated at 3 pounds per acre contained 0.72 ppm. 
Approximately 45 percent of th - residues were alpha- 
chlordane, 30 percent gamma-chlordane and 25 percent 
heptachlor epoxide. Apparently, the latter component 
was derived from heptachlor even though the parent 
compound was not evident in the soil at planting or in 
the soybean plants after foliar application of chlordane. 
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Mature corn grain and cobs grown in soils treated ai 
planting "I'll I -old - Hi Jime ingredient per acre of 
Inimical rlllordanc on IK S EMU (high puritv ihlonlanc. 
KCru luf i>l dcirrtalile inseciiiiiic re-idiies (hm.t of 
sensitivity = 0.1H.IK ppm) . I In- stalk contained (race quan- 
tities ol alpha :i in t in K.imm.i-i h'oid.nii . Whole ion! 
plain-, luncs.ed as loi silage, I"-' days aftei planting, ton- 



ABSTRACT 

Mined about 0.0.1-0. Of ppm combined alpha- and gamma- 
tlikudaiie. uliile lupi.u him and hcptachlor epoxide were 
not detected. Maximum ppm total residues in ih< tippet 
-i imhes of soil were appiosim.ue t\ nun- (lir treatment 
rale in pounds in die case of icrhnical chlordane and 3-4 
times the treatment talc of ik S ;i_'ii0. fifty 10 70'; of 
these residues had dissipated alter I year. 



The ilniuii.il composiiinn of chlordane and its 
relationship to the to\itii\ ol tliis insecticide has 
been a subject of considciable interesi suite the 
time it was introduced in the mid HMO's. Iridic 
(l*H»5) presentee) the more pertinent points relative 
to this problem in lu^ monograph on chlurdaue. As 
he pointed out. chlordane is not -i definite chemical 
entity, and the various rompoui ins comprising the 
technical material have not always appealed in the 
same pi i ipm tuiii. '1 he dilliculiv lhat litis situation 
imposed on the analytical ami loskologica] evalua- 
tions of chlordane is obvious. Improved synthesis in 
195) yielded a mote clicmii.dk consistent product 
and eliminated the presence ol ten. on toxic inter- 
mediates and 111 mini inipiuities. Note another step 

in producing a chlordane ol known thenutal identity 
and lire of msii i elated < oiupouiiils has been under- 
taken by the manufacturers. 

IICs S26U is a high-puiiiy. chlordane which consists 
of '.):> ( ','i ol alpha and gamma c hloidane (Anonym- 
ous l u 7iii. (.as chromatographic analysis of the pnul 
ia i in o.i! laboratory, demonstrated that it was virtu 
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ally void of oilier components sensitive to electron 
capture detection, whereas, technical chlordane. con- 
tained these 2 isomers plus hcptachloi and other 
related compounds (Fig. 1). Since lli:s 3260 is 
essentially a nevv product as a result "I impioved 
Synthesis, u is necessarv lli.it this Iul-Ii pm n \ ilihu 
dane be studied in detail iusolar as 1 1 ^ residua] ua 
tine is i oncei lied. 

Depending upon the eflic.icy and toxicological 
nature ul HCS :VJ<il>, there is a possibility that the 
compound would be ol importance in touiiolliug 
insect pests ol torn, .since many of the more per- 
sistent insecticides once used for this purpose can no 
longer be employed, a definite need exists tor a long 
lasting. insecttcidally active compound with low mam- 
malian toxicity. HCS >i'2h0 has certain characteristics 
which suggest that it nia\ meet tire needs ol the corn 

proline ei in legate) lo clluacy and (oxii properties 

The residue situation which would accompany us 
use lias not been demonstrated. Our current study 

evaluated the persistence ol tesiducs in I hi sod and 
in corn grown therein, when EC formulations of 
technical chlordane and HCS .1200 ueic applied at 
the lime the crop was planted. 

Mr i inn's v\i> M vii'Hi.vi s- Cn-nhm-Ht. "I lie plui 
area was plowed and prepared for plaining in the 
spring of l l )70. Plots 22xo0 ft were selected for 
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1 ii. 1. — t.as cliinm.iiiiMujiliii spectra of insecticide standards, IKS 3'ifiO, ami technical chlordane on a 11C-20O 
rolu in ii. 



treatment with either technical chlordane or HCS 
32til> sprays 'I lit- EC Inrimdaiious were diluted with 
sufficient water to obtain lu.uiueni rates ol I or 2 IIj 
\l acre when applied in '_'<l ^a| oi spras acic. Ap 
pliiatiuii-i «t-u' made with a low-pressure, low-vol- 
ume ii.iiU i mounted John Bean Spatiair sprayer 
equipped with 13 Spraying Systems 730308 Teejee* 
nozzles attd operated ai .i pressure ol JO psi, 1 lie 
insecticides were applied Mas X, l!»70, and immc- 



diatelv incorporated into the soil \\\ disking !<> a 
depth of 2—1 in. A single-cross variety ol corn 
,r \t. s . 2'i) was planted the same day. Each treat- 
ment and tile untreated the* I. were icplicated 3 times 
in a randomised rompleie block design. 

Sample Collection.— 'I'weiny soil cores, 1x4 in.. 
were collected Ikhii each plot immediately beloic 
spraying and then I hi subsequent to the disking 
operation. Additional soil samples were collected 3, 
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|<n kxai. or l'c oncjmk; En ioMoi ac.x 



Vol. fi'i , no. ■! 



Ii .mil 12 months , 1 1 1 ir hiMiinrni 1 lie soil cores (mill 

each plot .11 each sampling date were mixed iltor- 
oughly, plated in scaled (minimis, and Iro/cn until 
un.iiy/ttl. 

Samples consisting o( la i andomh selected stalks 
(hum each plot were tin 102 days following treat- 
ment. 1 In "Irevh mi" 1 1 <>j i material was chopped 
as for silage, mixed thoicHiglils, ami representative 
samples were taken timn each pint and lm/en iiu- 
mediately. I Ik !< in niicki ol :1k- nun was allowed 
to uni. mi in the field mini Oil. ML I!*7U. before 

Samples 'it the giaiit, loll d si.dk urn- lollecleil 

ami lio/cii 

l-.xlrailuiti . .!,■/). -All samples excepi the 

torn grain wen- extracted ami prepared for C>l.l. 
analysis iisiiif; lecluiicpccs desciibed previously (Do- 
rough ei ill. IH72). Iii nil', thi.s involved extracting 
tin- ui.iuii.il wiili at cumin ile u anslcn i-ng the |ics 
lit ides in pi holt uni clhei liv pal liliolliug in the 
presence ul .i sodium chloride solution, and then 
inithei cleanup <>l the eui.Mi on a liov'sil column. 
llu procedure lui suiN hi. hiiiiif.il l.m with the ex- 
(ratting solvent being .i 1:1 mixlnit tti hen/one and 
.m nun'. 

Corn grain was extracted and cleaned up jusi as 
desc liix-il lm the otftci plain manual: however, .nial- 
yviv ol treated grain slmnnl .'\iial infei Ii i ing peaks 
width rcnuitvd removal behtie ipianlitalion ul the 
chlolilancs .nul hcpl.u hints •■ I possible. This n..s 
accomplished h\ subjecting llie filiate from the lloii- 
sii i . ,l n in 1 1 iii lie analysis. \ -'ir eqtiiv aleni of 
(inn grain was applied n> a ( luomai '.on 1 1 ( sheet 
(Malkiiikiudi. Si 1 imis. Mo.) ami developed in 
lies iiie. Ak.is ul the sheet roriesjioniling ia llu 
titin ul the pt siii iclc siaml.inls were tut bom the 
sluei and e.Miatled thoi.>ui.'li!\ >■ 1 1 1 1 actione. I he 
witsciii was ii in. iv i-il In evapi i nion. iht resiiluc was 
taken up in hrvanr*. and ahipmis ol the hrx.uie siilu- 
lion [.annulling O.UK.Vx equivalents of grain were 

illjei ted into the gas thmin.ii graph 

i'l.t'. ni the torn grain i xtraei successful h sepa- 
i.ui-.l materials which mieiliied wiih the tpiaiiiita- 
tioii ol hept.n Idni . In pi.u hloi epoxide, and gamma- 
iliim iI.uk. 1 In .re uin. uni d. however, an intei feting 
nidi ■ iii with an apparent idiniual retention time 



as alpha-chtnrdanc. Only when an extract of a con- 
trol sample ..I grain was I lied vsith r.lpha-chlordanc 

was it cs idem that alpha i li'indani- peaked aliuut I 
mm before the unknown material hum untreated 
corn. Repealed Fort ilirai ion ul the control sample 
with various concentrations of alphaihlutilaiu t<'- 
\i ili-d ili.il a level ol seusiii\ii\ ol U.flUH ppnt <ouh! 
he ohlaiiieil even in ihe [neseiice ol the interfering 

pun!. 

(itis Chrmnntfigraphit ,-huilv\in.— \ \',ui,in Aero 
graph -Series ITi" 1 gas iluuinalugiaph ((piipjied with 
an electron capture cletei lot was used to ipianfilate 
the ilisn lit file it'siilm-s I In- glass tolimui U 1 1 X ' s 

in. ii. '.vas packed with Iff:; lit 21HI on Sll !W mesh 
Anakioii Alls Nitrogen ;ti l r > ml min served as iln- 
carriei gits, uul llu- lempelaHires were lolunin 
l!l"t I ■ injedion pen t 2IMI°l.; detectoi Jl'it., l"hc 
telcution limes, in minutes, for hepi.u him hepta 
tlinu i|iD\ii|t. ganuiui-ililorilaue. and alpha t liloul.un- 
n.i i • "i i s 7 III 2. and I I i.. 1 1 spec i ivi-lv 

Klsllls \M) ltlsllsl... ,.' llnuiciM ol 

alpha chloi dane, g.uinna-i hlordanc lupiatliloi. .mil 
heplai hloiide epoxide, when aihtecl at (he (1.1 ]jpm 
levtl in soil were iln. !W. K!>. and ''.'. ra'vpectively: 
lor silage 7.1. W>. 93. and IWJ ; ioi grain 9'J ^■ 
and in I', : lot col) M. H">. .s l ). and «ta' , : and Ioi si a Ik 
no. 'is, (:!. and '<>■ Ihe data wen not enrrit tctl for 
loss ol pesticide during extrai lion and i teanup. 

I he I inset in ul. il manuals hsicd in lahle I were 
the i>nl\ loiiijioi ins lor which (pianiUatioii n.is at 
templed Sum (i0-7<l'- ol lethnicil tllhildane coii- 
sisictl of com pounds oilier ihan those tpiantilatctl 
(l-'ig I), llu nsiihie i.iliin given in lliis slinly lejj- 
reseui oulv uhonl i , the total lethuit.d chlonlani 
dents which could lie present (l>oroiigh ci al. 
t!>7-|. With the IU.S :;L*ii(l luaiid maiiiiils iii. ir 
ported sallies reftecl dital vesiclues. liecanst only '.' 
prod oris were present in lire applied spray, and both 
art- known mate rials which tan lie tpiamitaletl. 

Soils,— Hepiachlot epoxide Mas not detected in soils 
sampled cither immediately aller treatment m al any 
lime thereafter (lahle 1). There were, however, 
small amounts ol heptachlni in soils receiving tech- 
nical chloril.uie ueatincni of I ami '1 \\i am I he 
concentration of hcptaihlor mui exceeded D.012 



Tahlc 1.— Residues In soils of rorn plots treated with EC formulations of ilil«ml,uic and IIOX :!l'I1I>. 



I'pui (tlivuii ai indicated months aflei nciiimui it'illl chloulane iC'.j oi with HCS 31AM1 (II) 
0. 3 B 



Jnsettii ides 

ilt leiiid 



< 



M 



i 



H 



M 



i.: 



< 



ii 



f, ("hlold.uie 
•j-Cliliniliin 
1 Upiat hit.: 
I oral 
sn> 



a ( liluiil.iiit- 
■y (:hlnrtl.mi' 
Mipiatliliii 
intal 



0.01*1) 

.iKii; 

ni" 

. I VJ 

.o;!(> 
.0711 

.ok:; 

iiu 

I7'l 
•Oali 



O.lftfi 

.1171 


.'J7U 
.llS.s 



AW 
.IIS 

n 

.,'i7 I 

:»i i 



1 lb acre 

0.050 0.05R 

.ir. I .111 

.000 

.119 STi 

.0IS .lllu 

r lb Ittcrr 

am .(.7:t 

,ost .i'-i: 

QUI n 

.!!(•! .HL'O 

.070 .oati 



(1.071 


0.273 


O.o 16 


o.nr. 


.077 . 


.007 


.037 


Its'l, 








() 


II 


.IM 


.JOT 


.ns'. 


1'jsl 


m i 


.osn 


.0 ft) 


,0'J7 


os; 


-.17 


jam 


.L'Hl 


.001) 


aa i 


.on- 


.CJ'lli 





.. 


u 





.177 


.jiii 


.1:31 


.n° 


.11'..' 


.017 


.01". 


.03:1 



• sii ii.i lulal 



August !'>72 



Doroi r. ii and Pass: Chlordane Residues in Corn and Sou s 



979 



Table '2..— Residues in corn plants .nit! grain grown in soils treated with EC formulation* of rldurdane and HCS 
S2fi0.' 
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]>|>ni and was not detected in samples taken 3 months 
post-treatment. 

1 he major residues in soils following applications 
of buih technical i bli.nl. me and HCS S2G0 were 
alpha- mil gamma-v hloidaue Willi the leihniial 
ni.iieii.il the - isomers were ptesent in 0-fime soils in 
about equal quantities (1.(17 DOM ppm. In soil treated 
with HCS ,'t'JiiO the alpha-chlordane existed in con- 
centrations .thoni 3-fold (hat ol the gamma isomer. 
These ratios ol iusei iiu.lal components in the soil 
mimed lately after application were in accordance 
with their content in the h formulations (Fig. I) . 

Estimation ol the dissipation rates ol the insecti- 
cides wis complicated l»v the detection of higher 

levels ot residues in the 3-month sample than in the 

0-time soils. However, it the 3-month values are 

taken as the maximum residues present, then at the 
12 month sampling inicrval. the total loss ol insecti- 
cidal materials was generally between : >it and 7071 , 

Because ol the incoiwistancies in the residue data 
on soils, the treatments were repeated on a smaller 
scale. Treatment rates ami methods were identical 
to the 1st tests. Inn soil samples were collected at 
monthly intervals lor S months. Results ol these ex- 
periments allowed that soils treated with technical 
chlordane at 1 ami 2 II) acre contained 0.08 and 0.17 
ppm residues at time. 1S\ 1 month (be !e\el of 
residues in the soil bail declined by 35% ami by _ 
months between 70 and 7.VJ ol the materials had dis- 
sipated. Duly !>/i decline of the residues was noted 
between the '-'ml .nut :!ul uiouibs alter treatment. 

Samples taken after disking the HCS S2<i(l inseui- 
tide in , tin upper 2 I in. ol soil showed a total 
deposit ol (i.7l and I.U2 |jpm from the L' treatment 
rates. These concentrations ol alpha- and gamma- 



rhlordane declined by 7 r i r ; after only 1 month ami 
then persisted at approximately the same levels for 

the iii'vt 2 mouths'. 

Hasii ally, the 2nd test on the persistence of rhlor- 

da ne and HCS 32ti0 in soils served only lo further 
demonstrate the variability inherent in studying the 
residual nature ol pesticides in soils. However, these 
data iliil agree with those ol the 1st lest, which ia<t 
suggi'sicil iliat as much as 70'',' ol die applied mate- 
rials would dissipate vi it In n I year alter application. 

Corn.— Whole torn plains harvested ai the proper 
growing stage For making silage contained residues of 
alpha- and gamma- rhlordane. Heptachlor and hep 
tachlor epoxide weie not present ai delectable levels 
( I able 2). These data indica ed that coin produced 
for silage would contain 0.05 and 0.04 ppm chlor- 
dane residues at the time pJ harvest if the soil had 
been treated with I or 2 lb acre technical chlordane 
or HCS :f2u0. Corn gtain and cob were free ol 
detectable levels of insecticides, and the stalk con- 
tained alpha- and/or gamma i blonl.ine al levels near 
the limit of sensitivity of the method, o.miH ppm 

f I able'.',. 
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Residues in Alfalfa and Soils Following Treatment with Technical Chlordane and 
High Purity Chlordane (HCS 3260) for Alfalfa Weevil Control 

H. Wyman Dorough,* Raymond F. Skrentny, and Bobby C. Pass 



Alfalfa was sprayed with technical chlordane and 
with a high purity chlordane (HCS 3260) which 
contained 9B+% or- and > -chlordane, Ihe active 

ingredients (Al) of technical chlordane consisted of 
14% each of a- and 7-chlordanc, 5% heptachlor, 
and 67% related compounds. Analyses were con- 
ducted for a-chlordane, 7 -chlordane. heptachlor, 
and heptachlor epoxide which considered over 98% 
of the Al of HCS 3261) hut only 33% of the AI of 
technical chlordane. Total ppm of these products 



deposited on alfalfa treated with the technical 
chlordane and HCS 3264:1 at a rate of 1 lb Al/aere 
were 24 and 130, respectively. In all tests, 95% of 
the residues on the alfalfa had disappeared after 
21 days. Three days of field-curing freshly cut 
alfalfa reduced the level of residues by about 55%. 
Maximum total residues were 0.6 ppm in soil of 
alfalfa treated with 2 lb A I acre of HCS 3260. By 
21 days these residues had declined by 50%, and 
by 180 days 83% of the residues had dissipated. 
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Technical chlordane is a complex mixture of poly- 
chlonnaled bieyclohydrocarbons consisting of 60 
to 75",; isomers of chlordane and 25 to 40% of related 
compounds (Martin, 1968). Modern chromatographic tech- 
niques allow the separation of technical chlordane into a 
series of components which are extremely sensitive to elec- 
tron capture detection. Using gic parameters described later 
in this paper, at least nine such products were resolved (Figure 
1) from technical chlordane produced by Velsicol Chemical 
Corp. under the name Belt-72ECf ■'. 

Problems created by the presence of a variety of compo- 
nents in a biologically active material in regard to evaluation 
ol its chemical and toxieologiea! properties are apparent. 
In fact, this has been a subject of interest and periodic con- 
cern with chlordane since its introduction in 1945 (Ingle, 
|y»5). A related problem, and one which has particular 
significance because it hinders oar ability to monitor the 
environment and food products for pesticides residues, is 
the difficulty encountered in attempting to quantiiaic total 
chlordane residues by gle techniques. 

While it has been possible for several years to obtain ex- 
cellent recovery o( chlordane from fortified samples, several 
workers have shown that weathered residues change in the 
number and size of gas chromatographic peaks (Klein and 
Link, 1967; Thurston. 1965). Estimates of the total level 
of residues on a weathered substrate were based on an average 
concentration calculated from several of the gle peaks. 
More recently, certain known components of chlordane (a- 
chlordane. 7. chlordane, heptachlor and its metabolite, 
heptachlor epoxide) were selected for quantitation in soils 
and plant material (Dorough c/ al., 1969). However, no 
totally satisfactory method for quantitaling technical chlor- 
dane residues has been devised. 

Possibly, the need for developing such a method has been 
lessened. Velsicol Chemical Corp, recently developed a 
high purity chlordane reported to contain 95% or more of the 
« and y isomers of chlordane (Velsicol Cheni. Corp., 1970). 
This product is identified by Velsicol as HCS 3260. and is 
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used to identify the product in the text and tables of this paper. 
Gle analysis of HCS 3260 in our laboratory showed that 
the product was comprised almost entirely of 7-chlordane, 
retention time 10.2 mm. and a-chlordane, retention time 11.6 
min (Figure I). Since analytical reference standards for 
these two isomers are available, the problem of quantification 
one encountered with technical chlordane no longer applies. 
The effect of the purification of technical chlordane on its 
insecticidal effectiveness and residual persistence was evaluated 
in the current study, 

METHODS AND MATERIALS 

Treatment. Field plots (20 X 60 ft) of alfalfa (Narragansett 
variety), were selected for treatment with either technical 
chlordane or HCS 3260 sprays. The EG formulations, con- 
taining 8 a rid 4 lb of active ingredient (AI) per gal, respectively, 
were diluted with sufficient water to obtain treatment rates 
of 1 or 2 lb/acre (Al) when the crop was treated with 20 gal 
of spray per acre. Treatments were applied with a portable 
boom-type, compressed-air, hand sprayer equipped with four 
Spraying Systems 730308 TeeJet nobles and operated at 
30 psi. In the first experiment, applications were made on 
May 4, 1970, to alfalfa approximately 12 in. high. Identical 
applications were made to other a Ifalfa plots on September 1 1 , 
1970, when this crop was about 6 in. tall. Each treatment 
and the untreated cheek were replicated three times in a 
randomized complete block design. During the 21 days after 
the May treatment, the total rainfall was 1,8 in. and the 
average temperature was 19° C. For the same interval after 
the September treatment, there were 3.8 in. of rain and the 
average temperature was 23° C. The soil type in the treated 
area was Armor silt loam. 

Sample Collection. Twenty soil cores, 1X4 in., were 
collected at random from each plot immediately before spray- 
ing the alfalfa and then I hr subsequent to the spraying opera- 
tion. Additional soil samples were collected 21, 90, and 180 
days after treatment. The soil cores from each plot were 
mixed thoroughly, placed in sealed containers, and frozen 
until analyzed. 

The alfalfa was cut 21 days following treatment and repre- 
sentative samples of the "fresh cut" crop material were taken 
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Figure 1. Gas chromatographic spectra of insecticide standards, HCS326G (2 nR of 4 lh/f;al EC) and technical chlordanc (5 ng of 8 lb/gal EC) 

on a I )( -200 column. Sec methods section for complete operating parameters 
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from each plot and fro/en immediately. The remainder of 
the nit alfalfa a. is allowed lo remain in the field for .1 days 
before samples of the plants were collected and fro/en. The 
latter samples are referred to as "field cured" alfalfa in the 
text and tables. 

Prior to analysis, subsamples of the soils and alfalfa from 
each replication were oven-dried to a constant weight and 
the water content was calculated. No adjustment in the 
water content of field-collected samples was made for analysis; 
however, all data are expressed on the basis of the dry weight 
of (he samples 

Extraction and Clean-up. Ail solvents used in these in- 
vestigations were MCI) pesticide' quality materials. In- 
seeticides were extracted from the alfalfa plants with acetoni- 
trile. A 50-g sample was Mended twice with the solvent, 
the volume being lot) ml and 150 ml, respectively, for the 
two extractions. Exactly one-half of the combined acetoni- 
trile extracts, after filtering, was transferred to a 1-1. separalory 
funnel which contained 100 ml of petroleum ether and the 
mixture was shaken. 

Hi\c-hundrcd milliliters of a 2% sodium chloride solution 
were introduced into the funnel, the funnel was shaken 
thoroughly, and the phases were allowed to separate. The 
aqueous layer <*as again extracted with MX) ml of petroleum 



eiher and the ether extracts were combined and dried with 
anhydrous sodium sulfate. Next, the extract was filtered and 
concentrated to a volume of 2 ml for column cleanup. 

A glass chromatographic column (20 mm id), tilled with 20 
g of llorisil. 60/100 mesh, and a l-irt. layer of anhydrous 
sodium sulfate, was prewashed with It)",', diethyl ether in 
petroleum ether. The 2 ml extract of the alfalfa plants was 
added to the florisil column and the insecticides were eluted 
with 200 ml of the 10% diethyl ether solution. Normally, the 
eluate was concentrated to 10 ml for gas chromatographic 
analysis. When necessary to attain the desired sensitivity, 
the samples were further concentrated. 

For extraction of the insecticides from soils, a 100-g sample 
was added to a quart jar containing 20(1 ml of a 1:1 mixture 
of benzene and acetone. The sample was then placed on 
an Eberbach flatbed shaker and shaken at 180 cpm for 1 hr. 
The solvent was decanted completely from the soil and passed 
through Whatman No. 1 filter paper into a 500-ml separator) 
funnel. A 2% sodium chloride solution, 200 nil, was then 
added and the contents were thoroughly shaken. After 
allowing the two phases to separate, the aqueous layer was 
extracted with 100 ml of benzene, which were then combined 
with the benzene from the initial soil extraction. The benzene 
was ttned with anhydrous sodium sulfate, concentrated to a 
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volume of 2 ml, and subjected to a florisil column cleanup 
step as described for plant material. Aliquots of the con- 
cenirated eluate were injected into the gas ehromatograph. 

Gas Chromatographic Analysis. Each extract of soil or 
alfalfa was subjected to gas chromatographic analysis using 
Varian Aerograph Series 1700 instruments equipped with 
electron capture detectors. The following conditions were 

Used 



Column A 
Glass, 6 ft X 7« 



Column B 



Column Glass, 6 ft X 7« 5 ft X '/a '"■ '•<*. 

in. i.d. 

Packing DC 200, 10% (w/w) SI- 30, 3% (w/w) on 

on 80 to 40 mesh 90 to 100 mesh 

Anakrom A1JS Chromosorb P 

Carrier gas Nitrogen, 45 ml per Nitrogen, 25 ml per 
min min 

Temperatures Column 195° C, in- Column 200" C, in- 
jection port 200° jeetion port 200° 



C, detector 21 5 C C 



C, detector 200 C 



Recovery Tests. Analytical standards of a-chlordane, 7- 
chlordane, heptachlor, and hepiachlor epoxide (Velsicol 
Chemical Corp., Chicago, III.) were used to determine the 
efficiency of the extraction procedures described above. 
Each material was added to the substrate, soil, or alfalfa at the 
1-ppm level prior to the addition of the first extracting 
solvent. Recovery experiments were run on the individual in- 
secticides and with a mixture of the four products. In ad- 
dition to these recovery tests, the completion of extraction of 
aged residues from the soil and alfalfa was determined by re- 
extracting the solids after the normal procedure with the same 
and with different solvents, and analyzing these extracts 
separate from the original Only when additional extractions 
failed to yield significant residues were the original procedures 
accepted, 

Volatilization Experiments. The dissipation of a- find y- 
chlordane from field-treated alfalfa was investigated under 
laboratory conditions. A series of samples of fresh cut 
alfalfa, collected 21 days aftei receiving a 1 lb 'acre treatment 
of I iC'S 3260 on May 4, 1470, were spread evenly over a flat 
surface and allowed to remain at room temperature for a 
total of 14 days. At predetermined intervals, subsamples 
of the plant material were analyzed for pesticide and for 
moisture content. 

To ascertain the nature of the escaped residues, similar 
samples of alfalfa were placed in containers designed so that 
air was passed over the plant material and into a cold hexane 
trap. The trap was operated for 8 hr and the nature and 
quantity of residues in the hexane were determined using the 
glc procedures already described. 

Biological Activity. Surveys of the treated and untreated 
plots for alfalfa weevil larvae were made by taking 10 net 
sweeps plot on 3, 7, 14, and 21 days after spraying the alfalfa 
on May 4, 1970. Also, an estimate of the insect damage 
was made by visual inspection of the crop and assigning a 
damage rating to each treatment. On the 2) si day after 
treatment, the alfalfa was harvested and yield data were 
collected from the treated and untreated plots. 

RESULTS AND DISCUSSION 

Components of EC Formulations. Figure 1 shows that the 
technical chlordane was composed of at least nine components 
sensitive to electron capture detection. Although no attempt 



was made to characterize each component, it was established 
that n-chlordanc and 7-chlordane were present and that each 
accounted for approximately 14% of the total active ingre- 
dients. Heptachlor accounted for about 5% of the total 
active ingredients. The punlied chlordane, HCS 3260, con- 
tained at least 74% a-chlordane and 24%7-chlordanc ll\ 
increasing the quantity of HCS 3260 injected into the glc by 
100-fold that amount necessary for full scale deflection for 
the 7 -chlordane peak, true quantities of a material with 
the same retention time as heptachlor were noted lis 
identity was not confirmed. 

Considering the a and 7 isomers as the only active in- 
gredients in the EC formulations and calculating the lb/acre 
rates on a total Al basis revealed that applications of the 
HCS 3260 material resulted 111 live times more a-chlordane 
and two limes more y-chlordanc than when the technical 
chlordane was applied. I hus, when 1 lb of Al/acrc was 
desired, the actual a- ( 7-chlorclanc applied was only 0.3 
lb/acre in the case of technical chlordane bui approximately 
the calculated rate of lb acre for the HCS 3260. This is an 
important consideration in analyzing the data presented 
herein since residues reported in the soil and alfalfa were 
based only on the content of a-chlordane, 7-chlordane, 
heptachlor, and heptachlor epoxide. Total active ingredients 
on the technical chlordane-treatcd substrates were not quan- 
tified. 

One should keep in mind, then, that "total residues" means 
total active ingredients when referring to the HCS 3260 
treated materials because the n and 7 isomers were the only 
observed components of ihe Al. However, "total residues" 
in the technical chlordane treated soils and alfalfa refer only 
to the above slated compounds and their sum would have to 
be multiplied by a factor of approximately 3 to gain an esti- 
mate of the total "technical chlordane" present. This, of 
course, would require the assumption that all components 
of the technical chlordane {Figure 1) dissipated at the same 
rate. Detailed comparison of the 0-day and 21 -day samples 
of soil and alfalfa showed that the major peaks generally 
maintained Iheir relative peak heights even after considerable 
dissipation of the initial deposits had occurred. Therefore, 
this type of estimation of total technical chlordane residues 
very closely approximates the actual levels present in the 
substrates. 

Recovery. The glc retention times of the four materials 
considered in the quantitation of residues in soil and alfalfa 
are shown in Table 1 All of these materials were detectable 



Table I. Glc Retention Time and Average Percentage 

Recoveries from Alfalfa and Soils of Chlordane 

and Related Compounds 



Glc column" 
and substrate Heptachlor 



Retention time. irun. and 
average percent (±SK) recovery* 
IcpliH'hlur 



epoxide 



•chlordane n-chlordanc 



dc 2nooo*;> 

SE 30(3%) 


5.4 

7 1 


8.7 

11 7 




10 2 
12 7 


11.6 
14,0 


Recovery from 
alfalfa 


87 :fc 7 


86 i 


s 


91 -t 1R 


98 i 12 


Recovery from 
soils 


94 ± 10 


89 i- 


1 I 


85 -L 10 


89 ± 8 



■■ Glc column ;md operating parameters given in methods, * Sam- 
ples furlitieil at the O.l-pi 1 '" level p ' to extraction. 



44 J. aor. roon chfm . vol. :n \o 1. 1075 



RESIDUES IN ALFAWA AND SOILS 



Table II. Residues in Soils after Field Treatments of Alfalfa in May with EC Formulations of Chlordane and HCS 3260" 

Average ppm (±SE) at indicated rate (dry wl)* 



Treatment and 
elapsed lime' 

1 hr(25.7) 
Chlordane 
n< s 3260 

21 days (24 5) 
Chlordane 
HCS 3260 

90 days (22 2) 
Chlordane 
IK S 3260 

180 days (27.0) 
Chlordane 
HCS 3260 



n-Chtordane 

1 lb/acre 2 lb/acre 



004 ± 0.002 
024 I- 006 

.005 ± 0.002 
021 ± 0.003 

007 ±0.004 
0.022 ± 0.020 

0,066 ±0.004 
0.022 ± 010 



013 ± 0.006 
027 ± 012 

0.008 ± 0.001 
055 ± 0.003 

0.010 ± 0.003 

034 + 010 

0.010 ± 0.007 
0,042 ± 0.034 



-) -Chlordane 

1 lb/acre 2 lb/acre 



0.002 4 0.001 
009 ± 0.003 

0.004 ± 002 
007 ± O.OOI 

0.005 ± 0.003 
0.006 l: 0.002 

0.003 ± 0.001 
0.006 ± 0.003 



Oil ± 0.006 
010 l 008 

0.007 ± 0.001 
0.019 .1 0.009 

008 ± 002 
016 ± 0004 

0.009 ± 006 
0.012 i. 009 



Total 

1 Ib/aere 2 lb/acre 



006 -fc 0.003 
0.033 ± 009 

009 ± 003 
0.028 ± 004 

012 ± 0.006 
028 ± 0.009 

0.009 ± 006 
0.028 b 013 



0.024 ± 0.011 
037 ± 0.016 

0.015 ± 0.003 
074 ± 0.035 

0.018 ± 0.005 
0.050 ± 0.013 

ft 019 ± 0.006 
0.054 ± 0.044 



■ Alfalfa 12 in high treated with technical chlordane or HCS 3260, a high purity chlordane containing 95 „ or more of a- and 7-chlordanc. 
in a total spray volume of 20 gal/acre. Treated May 4, 1970, » No beputchtor or hcptachlor epoxide (<0.001 ppm) delected in these soils. Data 

Numbers in parentheses indicate the average percent of water in samples. 



. spray 
are averages from three field replications 



Treatment and 
elapsed time' 

I hr (15 .4) 
Chlordane 
HCS 3260 

21 days (21. 7) 
Chlordane 
HCS 3260 

90 days (23.8) 
Chlordane 
HCS 3260 

180 days (25.8) 
Chlordane 
HCS 3260 



Table III. Residues in Soils after Field Treatments of Alfalfa 
in September with EC Formulations of Technical Chlordane and HCS 3260" 

Average ppm (±SE) at indicated rate (dry wt)* 

7-Chlurdane 



, ( hlnrd.iiit- 
1 lb/acre 



Total 



2 lb acre 



0.053 ± 0.001 
0.238 ± 0.043 

024 ± 0.003 

135 J 010 

015 ± 003 
0,055 ± 005 

004 ± 001 
0,044 ± 020 



0. 105 ±0.015 
383 ±0.147 

0.040 ± 0.014 
0.199 ± 0.048 

024 ± 0.004 
103 ± 0.030 

009 ± 0.003 
064 ± 017 



1 lb/acre 

0.049 ± 0.002 
0.084 i 021) 

024 ± 0.003 
0.055 ± .005 

0.013 ± 0.002 
024 ± 004 

0.005 ± 0.001 
0.018 ± 007 



2 Ibacre 



o ioo ( o.rn 

172 ± 038 

0,041 ± 016 
0.077 ± 0.020 

021 ± 0.004 
0.035 ± 0,013 

0010 ± 0.004 
0.028 ± 0.006 



1 Ib'aere 



0.102 ± 0.003 
0.322 ± 062 

048 -fe 0.008 
190 ± 0.011 

0.028 ± 0.005 
0.079 ± 0.009 

0.009 ± 0.001 
0.062 i (1 027 



2 lb/acre 

0.205 ± 0.029 
0.555 ± 181 

0.081 r 030 
0.276 -J- 0.068 

0.045 ± 1107 
0.138 l 0.043 

0.019 ± 0.007 
0.092 ± 0.023 



■■ Soils from alfalfa, 6 in. high, plots sprayed with technical chlordane or HCS 3260 in a total volume of 20 gal/acre. HCS 3260 is a high purity 
chlordane containing 95+% .,- and y-chlordane. Treated September I 1, 1970. <• No hcptachlor or hcptachlor epoxide KO.OO ppm) detected 
in these soils. Data arc averages from three field replications. « Numbers in parentheses indicated average percent ol water in ions. 



V 

I 



at very low levels using the electron capture detector (Fig- 
ure I). With control samples, the levels of interfering ma- 
terials in the soils and alfalfa were sufficiently low so that 
sensitivity levels of 0.001 and 0.004 ppm, respectively, were 
easily attainable. 

Average recoveries of «- and 7-chlordane heptachlor, and 
heptachlor epoxide from soil and alfalfa were 85% or better. 
Variations in the percentage recovery of the different com- 
pounds were considerable {Table i), but do represent the 
situation as it occurred over a 4-month period of analysis 
since each set of samples analyzed daily included at least one 
recovery experiment. 

Soils. Insecticide residues reaching the soil from the 
treatment of alfalfa in May consisted only of a- and -y-chlor- 
dane and were about '/»« those in the soil when the crop was 
sprayed in September (fables 11 and III). This probably 
resulted because of the increased ground cover provided by 
the alfalfa in the first treatment as compared to that in Ihe 
second. As noted earlier, the plants sprayed in May were 
approximately 1 ft in height while those sprayed in September 



were about one-half that height. Maximum residues, 0.6 
ppm, were deposited on the soils sprayed in September with 
2 lb/acre of HCS 3260 (Table III). When calculated on a 
4-in. acre basis, this accounted for 40% of the applied Al. 

Dissipation of the «- and y-chlordane occurred very slowly, 
if at all, during the 180-day period following the treatments 
in May. Factors contributing to such slow disappearance 
of the pesticides were the rapid regrowth of plants following 
harvest 21 days after treatment, very little rainfall, and a 
rather low average daily temperature. In the second test, 
the level of residues dropped about 50% during the first 21 
days after treatment in September. The level of residues 
continued to decline and approximated those from the May 
treatment when analysis of each was conducted on samples 
collected 180 days after treatment. The more rapid dis- 
sipation of residues from the soil after the second treatment 
was likely facilitated by the higher temperatures and greater 
rainfall than occurred in the experiment initialed in May. 

Alfalfa. There was excellent agreement of the data relative 
to the level of residues on alfalfa 21 days following treatment 
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Treatment 

and sample 



Fresh cut (77.8) 

Chlordane 

HCS 3260 
Fkkf-cured(30 5) 

Chlordane 

HCS 3260 



Table IV. Residues in Alfalfa 21 Days after Treatments in May with EC Formulations of 
Technical Chlordane and HCS 3260 at Rates of 1 and 2 lb/acre- 

Average ppm (iSE) in fresh cut and field-cured alfalfa (dry wt)* 

,,-Chlordane " -^Chlordane Heptachlor lleptachkir cpo\ide 

1 lb per acre 



1,32 ± 0.56 

4 111 I 31 

0.39*0.03 

2 24 ; 0.84 



08 ±0.64 
35 ! 31 



0.3! ± 08 
0.71 ±0.25 



<0.00l 


0.25 ±0.09 


. 1) mil 


<o ooi 


<0.00l 


0.09 ± 0.O2 


<0 001 


<0.00l 


2 lb per acre 




<0.001 


0.52 ± 035 


<0 001 


<0 ooi 



Total 



2.65 ± 
5.46 ± 

79 ± 
2 95 ± 



1.30 
1.33 

09 

1 08 



Fresh cut (77.8) 
Chlordane 2.03 ±1.02 199 ±1.11 

HCS 3260 1172 14 10 3.72 ± 2.78 

Field-cured "(30 5) 

Chlordane 0.60 ±0 11 0.64 ±0.15 <0 001 0. 16 1: 0.08 

HCS 3260 2 54 4 1.58 68 ± 0.55 <0 001 <0 001 

•• Alfalfa I 2 in. hifjh, ireated with 20 gal/acre technical chlordane spray or with HCS 3260 spray, a high parity chlordane containing 9 54 % or- 
and ?-chtordane. Treated May 4. 1970, '■ "Fresh cut"" samples were frozen immediately after cutting, "Field-cured" samples remained in the 
field fat 3 days before freezing. Data arc averages from three field replications, two analyses per replication. 
average percent of water in samples. 



4.54± 2.55 
15.44 ± 11.37 

! 40 i 32 

3 22 ± 2.33 



Numbers in parentheses indicate 



Table V. Residues on Alfalfa 1 Hour and 21 Days Following Treatments in September 
with EC Formulations of Chlordane and HCS 3260 at Hates of 1 and 2 Ib'acre' 



Treatment and 
elapsed time" 


o-Chlurd 




Vverage pr 


m< t SI- 
ane 


) in Irish cut and Held- 
lleptachlur 


cured annua (dry wir 
i leptachlur epoxide 




ane 


-, -Chlord 


Total 












1 lb per acre 








1 hr. fresh cut (76 3) 
Chlordane 
HCS 3260 


13.64 ± 
96.56 t 


1 63 
6 36 


13 91 ± 
33,39 t: 


2 04 
6 83 


1.77 ±0 06 
17 i- 04 


<0.001 
<0-001 




29,32 ± 3 73 
130.12 i: 12 90 


21 days, fresh cut (76 0) 
Chlordane 
HCS 3260 


76 1 
5.60 ± 


0.08 
0.40 


71 ■ 
1.75 ± 


n »7 
37 


<0 001 
<0.00l 


23 

<fl 001 


1 04 


1.70 ± 0.17 
7.35 ± 1.12 


21 days, cured (16.3) 
Chlordane 
HCS 3260 


0.39 ± 
2 16 l 


0.04 
0.78 


0.40 ± 
0.61 ± 


01 
07 


<0.001 
<o 001 

2 lb per acre 


0.15 
<0 .001 


± 0.02 


94 ± 0.08 
2.77 ± 80 


1 hr, fresh cut (76 1) 
Chlordane 
HCS 3260 


34 23 ± 
453.72 i 


4.74 
68.91 


35.35 ± 
163.28 ± 


4.84 
15.53 


6 88 ± 1.18 
65 ±0.11 


<0 001 
<0 ()01 




76.46 ± 10 45 
617 65 fc 72.39 


21 days, fresh cut (76 0> 

Chlordane 
HCS 3260 


1 26-! 
(S 60 ! 


0.27 
1.84 


I 34 ■ 
5.79 ± 


54 
75 


0.05 ± 0.01 
<0.00l 


38 
<0.001 


± 09 


3 03 t 0.87 
21 .19 ± 2.69 


21 days, cured (16. 3) 
Chlordane 
IKS 1260 


0.61 ± 

a 15 i 


24 
2.54 


057 ± 
2.51 ± 


22 
1.23 


0.17 ± 07 
<0 001 


<0 001 
<0 001 




1 35 ± 0,51 
10.66 ± 4.18 



" Mfalfa A in high treated with 20 gal acre technical chlordane spray or HCS 3260 spray, a high parity chlordane containing 93+% <*• and 

vchlord me Treated September II. 1970. '"Fresh cut" samples were collected immediately aficr cutting and fro/en until analyzed Held- 
cured" samples were allowed to remain in the field for 3 days after cutting and then fro/en until analyzed. Data are averages from three lick! rep- 
lications, two analyses per replication. ' Numbers m parentheses represent the average percent of water in samples. 



Table VI. Comparative Concentrations of o- and 7-Chlordane 

in EC Formulations of Technical Chlordane and HCS 3260 

and in Alfalfa Sprayed with These Insecticides 

Ratios' 













11, ■ 


Sample'' 


TafTy Ha/H-v 


Ha/Ta 


Hy/Ty 


Ta + y 


FC formulations 


1.0 


2 6 


6.0 


2.2 


4.0 


Alfalfa, 1 hr, fresh 












cut, 1 Ih/acre 


1.0 


2.9 


7 1 


2.3 


4.7 


Alfalfa, 21 day, fresh 












cut . 1 lb/acre 


1.1 


3 2 


7 4 


2.5 


5.0 


Airalfa, 21 day, field- 












cured, 1 Ib.'acrc 


10 


3 5 


5.5 


1.5 


3.5 



- T - technical chlordane. 8 lb Al per gal. H =- HCS 3260. 4 Hi 
AI per gal. a alpha-chlordanc, gamma-chlordaiic. '' Data 

pertaining to alfalfa taken from I a hie V. 



Table VII. Loss of Residues at Room Temperature from 
Freshly Cut Alfalfa Sprayed 21 Days Prior to Cutting with 
2 lb/acre of HCS 3260 - 



Residue 

K-Chlordane 
y-Chlordane 
Total 



Initial ppm 

4.22 
1. 10 

5.32 



Percent loss of residues 
after indicated days 6 

3 7 



57.4 

51 6 

52 8 



63 2 
59 1 

61 



14 

62 

68 .4 
67 .2 



• HCS 3260, a high purity chlordane containing 95 + % ct- and y 
chlordane. * Ppm residues at each time interval were calculated on 
the basis of the original weight of the sample (50 g) although the weight 
Of die sample was reduced 70",' in 3 days as a result of water loss. 
No further loss was noted afler 3 dass. 
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Tabic VIII, Comparative Effect of Technical Chlordanc and IKS 3260 Treatment on 
Alfalfa Weevil Control and on Alfalfa Yields" 
Larvae numbers (A) and damaging rating (B) at indicated days after lre:itmcnl' 



Treatment 


3 


7 






14 






21 




Yields, lb 


and rate 


A 


A 


B 


A 




B 


A 




B 


dry weight 


1.0 lb/acre 






















< hlordane 


5.7 


9.0 


2.7 


143 




4.3 


552. ft 




6.0 


17.3 yz 


HCS 3260 


2.3 


.1..1 


3.0 


130 i) 




2 7 


383.3 




5 3 


18 3 yz 


2 lb/acre 






















Chlordanc 


4 3 


3.0 


2 8 


117 3 




3 7 


366.6 




5 


16.5 xy 


HCS 3260 


4-4 


1 3 


2 5 


75.3 




2 3 


265.3 




4.3 


19 5 z 


Conliol 


64 7 


110 i 


3 7 


398 




7 


650.0 




8.0 


14 4 x 



" HCS 32fiO, a bip.ii punu chlordanc containing 95 + % n- nnd -y-chlordanc. Applications of EC formulations made May 4, 1970, Lexington, 
Kentucky. All data are averages of three held replications. * Larvae per ten sweeps.. Damage rming based on n 1 9 scale where I indicates no 
: i- md 9 indicates complete skeletonization. * Averages of 10 fl x 20 ft plots from each repliealtun. Yield data collected 21 days after treat- 
ment. Treatment means followed hj lite same letter are not significantly ihilcrciti .ti the 5 "„ level according to Duncan's Multiple Range Test. 



I 



I 



in May and in September (Tables IV and V). In fact, the 
differences observed alter the two different treatments were 
no greater than that variation experienced with the different 
replications within the same experiment. The data indicated 
that 2 1 -day fresh tut alfalfa contained 2 3 ppm of the assayed 
residues when sprayed with I lb/acre of technical chlordanc 
and 5-8 ppm when treated with the purified chlordanc, HCS 
3260. Based on the second test (I able V), this represents a 
94% redaction in residues from the time of insecticide ap- 
plication It hr. fresh cut) until the time of harvest 21 days 
later (21 Jay, fresh cut). That the losses did not involve 
the selective dissipation of either o- or 7-ehlordanc, or that 
the "impurities" in technical chlordanc did nol appreciably 
effect the residual nature of these isomers is demonstrated by 
the data in Table VI. Ratios of the two isomers in the EC 
formulation-, of the insecticides compared very, favorably with 
the same ratios observed on the treated alfalfa. With the 
HCS .3260 treated plants, the residues on the 21-day samples 
were composed entirely of «- and 7-ehiordane. Small 
amounts of heptachlor epoxide were detected on comparable 
samples of the technical chlordanc-trcaicd alfalfa; oc- 
casionally, traces of a compound with a retention time the 
same as that of hepiachlor a Iso were obsen ed . 

Significant losses of insecticide residues occurred when 
■ the alfalfa plants were allowed to weather in the field for 3 
days. There were reductions in all delected components of 
the residues and, while there was considerable variation, there 
did not appear to be a great selective' loss of a particular 
residue during the process. Hs averaging the amount of 
loss by all samples in the lirsl tesl and those in the second, it 
was found that weathering for 3 days reduced the level of 
residues by 56% in the May experiment and by 58°,; in the 
September lest. 

Volatilization of Residues. Fresh cut alfalfa containing a- 
and --1 hlordane residues (Table V, I Ib'acre, HCS 3260) 
lost about 50% of those residues when let stand for 3 days 
at room temperature (Tabic* VII). Thereafter, the rate of 
dissipation proceeded at a very slow rate, with a total los-, 
in 14 days of 60 to 70 %, The very rapid loss during the first 
3 day-, corresponded to the los^ of moisture from the sample-,. 
Although this indicated that the reduction of chlordanc resi- 
dues involved the los-» of water, further experimentation 
showed that water loss was nol required in order lo get a 
substantial decline in the level of ihese residues on alfalfa. 
It wa found, for example, that oven-dried alfalfa continued 
to lu-.- residues even (hough there w;i\ no further decrease in 
moisture content of the plant material Analysis of a hexane 
trap demonstrated that n- and 7 -chlordanc were volatilized 
intact from the alfalfa 



Biological Activity. Field evaluations of both technical 
chlordane-treated and HCS 3260-treated alfalfa showed that 
the purified chlordanc was equal to or better than the technical 
chlordanc for alfalfa weevil control (Table VIII). At com- 
parable rates, the number of alfalfa weevil larvae collected 
from ihe plots was lower when HCS .3260 was used. Con- 
sequently, the degree of inserl damage to the plants was 
slightly less. The final criterion of comparative effectiveness, 
that of alfalfa yield, was indiscernible. Both chlordanc 
sprays yielded significantly more plant material than plots 
which were nol treated, yet any real advantage of one material 
over the other was not demonstrated. 

The improvemenl in 1 he synthesis of technical chlordanc to 
yield a product (HCS 3260) that was 9K4 % «- and 7-chlor- 
dane serves as an excellent example of what can and should 
be done with a number of compounds currently considered 
commercial successes. Impurities in a pesticide, or a multi- 
component product, complicate the loxicological evaluations 
of a product and may result in the misinterpretation of those 
data which are obtained. This could create unnecessary 
health hazards and or force an otherwise desirable product 
from the market, ll is advisable, then, that the purity of all 
pesticides be critically evaluated and that the significance of 
any impurity in the biological activity of the material be 
clearly defined. With chlordanc this has been largely ac- 
complished. Over <J8% of the applied Al of HCS .3260 
consists of two known products which may be quantitated 
by common gle residue methods. Now, the fate of the high- 
purity chlordanc when applied under practical conditions 
can be critically evaluated, this was virtually impossible 
with technical chlordanc since about 65% of the Al was un- 
defined as 10 chemical identity and consisted of five or more 
compounds 
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Residues of Organochlorhic Insecticides and Their Metabolites in Soils 
; n [lie Atlantic Provinces of Canada 



J. R. IJUl'l V AND N. WONG 1 



The persistence and breakdown or ch'orinaled 
insecticides in soil maniples collected in the At- 
lantic I'rov nces of Canada were studied. Soxhlct 
extraction v( the soil samples was achieved using 
hexane 2-propauol, 3 to 1. The 2-propanol 
was removed ami the hexane layer purified using a 
Klorisil column. The nature of the insecticide 
residues and their metabolites was studied using 
electron-capture 6»s chromatography with two 
column types. Thin-layer chroma lography and 
chemical conversion to structurally related com- 
iwunds confirmed the presence of some insecti- 
cides, The soil samples were taken from agri- 



Ihc persistence and breakdown of pesticides in soil 
under controlled conditions have been the subject of 
considerable study in recent years (.', 2. II, 14, IS, 21). 
Residues of organochlorine insecticides in farm soils 
liave been investigated by several authors (5, 10, 20, 21). 
I he persistence and breakdown of insecticides in soils 
...,c related to a numbei of factors such as soil type and 
ciLMiiie content, cultivation, rainfall, temperature, and 
m„I microbial population (6). The conversion of aldrin 
and heptachlor to their epoxides (8) and DDT to DDE 
1 _*/) in soil have been repotted. Recently, Bowman, 
Svlwchltr, and Carter (2) found that heptachlor was 
i.ipidb changed to 1-hydroxychlOrdene in dry soils 
with low organic content and that no conversion of 
heptachlot to its epoxide was detected in these soils. In 
.mother study, under field conditions, Bowman, Young, 
and Barthel detected a small amount or heptachlor 
epoxide and i-hydrox\chloidene in No: folk fine sandy 
loam which had been exposed to heptachlor (J). 
Alexander (/) has indicated that many chemicals are 
resistant to degradation in the soil by microorganismv 

The objectives of this project were to establish quan- 
titatively the extent to which residues of the organo- 
chlorine insecticide-, were occurring in Canadian 
Atlantic soils collected in Nova Scotia, New Brunswick, 
Newfoundland, and Prince Edward Island and the 
nature of the metabolites resulting from them. 

Materials and Methods 

Chemicals. The chemicals used were: DDDt-:. 
l-tliioro-2,2-bis(J-ehloiophen>l)clhvleiie; 7-chlordan, 
1,3,4,5,(1,7,8,8 - octachloio - 3a,4,7,7a - letrahydro - 4,7- 
melhanoindan; and 1-lndroxychloidene, 4,5.6,7,8,8- 

lKAachloro-3a,4.7.7a-tcltah\dio-4.7-mcthanoinden-l-ol. 
Reagents. The following reagent grade solvents 
were distilled: acetone, //-hexane. dioxane, 2-propanol, 
and petroleum ether (30° to 60° C). 
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cultural lands in 1965 where organochlorine 
insecticides had been used. Forty-live per cent 
of all the soil samples investigated contained 
residues of DDT plus metabolites between 1 and 
« p. p.m. DDD and DDE were the chief metab- 
olites of DDT. Thirty-two per cent or the total 
soil samples contained 0.75 p.p.m. or aldrin plus 
dieldrin. Heptachlor. heptachlor epoxide, and 
T -chlordan were found in 9% of the soils 
analyzed in concentrations between 0.06 and 
0.86- p.p.m. 1-Hydroxychlordcne, a metabolite of 
heptachlor, was found in a small number of 
samples. 



Ethyl ether, U.S.P-, was distilled, washed twice with 
water, and dried over anhydrous sodium sulfate, and a 
2% v./v. anhydrous ethyl ether- alcohol solution was 
prepared therefrom. 

Elution mixture 1, 120 ml. of ethyl ether was diluted 
to 1000 ml. with redistilled petroleum ether. 

Elution mixture 2, 50 ml. of ethy! ether and 4 ml. of 
dioxane were diluted to 1000 ml. with petroleum ether, 
Florisil commercially activated at 1200" F. was 
stored at 130" C. with three days' aging at room tem- 
perature >n a stoppered bottle prior to use. 
Silica gcl-Camag DF-5. 

Extraction mixture, consisted of n-hexanc-2-pro- 
panol, 3 to I. 

Chromogenic agent, 1.7 grams of silver nitrate in 
5 ml. of water and 10 ml. of 2-phenoxyethanol were 
diluted to 200 ml. with acetone (19). 
Chlorine reagent, 0.3% chlorine in chloroform (<?). 
Hydrobromic acid reagent, 20 ml. of acetic anhydride 
was mixed with 10 ml. or 48% HUr in a flask which was 
cooled in ice and allowed to stand for 30 minutes before 

use. 

Apparatus. Gas CHROMATOGRAPHY, The analytical 
instrument employed was a Wilkens Aerograph Hi-Fi 
Model 600-C equipped with an electron-capture de- 
tector containing a 250-me. tritium ionization source, 
operated at 90 volts' potential across the detector, 
The recorder employed was a 1-mv. Sargent Model SR. 
The analytical column employed consisted of a 4.5-foot 
by 0,25-inch borosilicate glass tube packed with a 10% 
stationary phase which consisted of 4% C.E. methyl 
silicone Plus 6% DC. QF-1 U r S-126?) fluorox.licoiie 
on 60- to SO-mesh, acid-washed Chromosorb W. 
Before use. the column was conditioned for three da>x 
at 225 C under a nitrogen pressure of 10 ps.i.a. 
The operating parameters were: column temperature, 
imi c.; detector temperature, 190° C; injector flash 
healer, 220 r C; carrier gas. prepurilied nitrogen; 
flow rate, 200 ml. per minute J range, It); attenuator, 4. 
The injector of the gas chromatograph was equipped 
with a borosilicate glass liner, 

The Dow 1 1 column consisted or 60- to SO-mesh, acid- 
washed Chromosorb W coated with Dow 11,5% by 
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weight, Before use, the column was conditioned for 2 
days iit 25(1" C. under a nitrogen pre.ss.ure of 10 p.s.i.a. 

The Dow Corning 200/QF-l column consisted of 10% 
Dow Coming 200 and 15% QF-1 by weight on DMCS 
treated, acid-washed, 80- to 100- mesh Chromosorb W. 
The column was conditioned for 3 days at 230° C, 
under a pressure of 10 p.s.i.a. 
Thin-layer cbromatography-Dcsaga applicator. 
Ultraviolet light source. General Electric, G15T8, 
15-watt germicidal lamp. 

Chromatographic columns, 20 mm. o.d., 16-mm 
i.d. x 300mm 

Soil Sampling The sampling procedure was that 
described by Hams, Sans, and Miles (10). An area of 
approximately 5 acres was selected in a field and five 
subareas were sampled within this site. The subareas, 
4 feet square, were placed diagonal to the field perimeter. 
Twenty-five 6-inch cores were taken from each sub- 
area and cores from all live subareas were pooled in 
order to obtain a representative sample from the field. 
The pooled sample (approximately 10 pounds of soil) 
was sealed and stored in a refrigerated room at 8 6 C. 

The samples were collected during the fall of l%5 
and analyzed during the winter and summer of 196G. 

Soil Types. The Atlantic soils analyzed comprised 
mineral soils including gravelly loam and also a com- 
plete range in soil texture from sandy to clay loam. 

Preparation of Soil Samples. The soil samples were 
air dried at room temperature (22° C). Large clay 
lumps were broken, and the sample was sieved using a 
2-mm, sieve (U.S. series No. 10, u mesh). With the 
exception of the Newfoundland samples, a 50-gram soil 
portion was weighed and placed m a sintered glass 
Humble of a Soxhlct extractor. The Newfoundland 
samples varied Aon) 32 to 50 grams. The extraction 
was ftccompished with 150 ml. of hexane 2-propanol, 
3 to I, so that the thimble emptied once every 15 min- 
utes. The sample was extracted for 4 hours. Soxhlct 
extraction u;.ing acetonttrile as the solvent gave lower 
recoveries of insecticides. 

Purification Technique. The Soxhlct extract was 
transferred to a 1000-ml. separatory funnel and 100 ml. 
of petroleum ethei was added. The mixture was 
shaken briefly, after u Inch 500 ml. of dis-tilled water and 
10 ml. of saturated sodium chloride solution were added. 
The aqueous layer was discarded. The hexane-pctro- 
leum ether layer was further extracted with two 500-ml. 
portions of water to remove 2-propanol and then was 
dried over anhydrous sodium sulfate, and flash evapo- 
rated to 5 or 10 ml. I lie concentrate was ehromato- 
graphed on a 4-inch Ftorisil column. The Florisil 
column was prepared by a slurry technique to avoid 
occluding a,, with the column. The column was 
first eluted with 75 ml. ofelutton mixture I which was 
collected separate!) as eluate I followed by 250 mi, of 
edition mixture 2 which was collected as eluate 2. 

I he cliuion system was a modified version of that 
described b> Onley (tf). The tun fractions were con- 
centrated to a small volume and diluted to 5 ml. with 
hexane. Ihese .solutions were subjected to quantita- 
tive and qualitative evaluation using gas chromatog- 
raphy. 



Gas Chromatography. The SE-30, QF-1 liquid p| Ust - 
on Chromosorb W was satisfactory for a number of 
organochlorine compounds (12). The Dow 1 1 column 
was chosen as an alternate for the identification of 
insecticides during the early phase of the work. At a 
later phase of this study, a 10% Dow Corning 2no. 
15%QF-I column was more .satisfactory than the Dow 
II column. The use of this column was reccntlv 
described by Burke and Holswade (4) An aliquot of 
5 to 10 ^1. of the concentrated eluate was injected into 
the gas chromatograph. Reference ehromatograms 
were prepared by injecting into the gas chromatograph 
a similar volume of a stock solution composed of the 
pure insecticides. For all quantitative studies, peak 
areas of known insecticide standards were compared 
with peak areas of unknown compounds. Standard- 
ization was carried out several times each day to 
check retention time and peak response for each in- 
secticide. Care was taken to ensure that the response 
given by a particular insecticide was within the linear 
range. 

Thin-Layer Chromatography. Thirty gi ams of silica 
gel was mixed with 70 ml. of water and stirred until a 
uniform slurry was obtained. A 0.2-mm. layer of the 
slurry was applied to a 20 X 20 cm. glass plate with (he 
Desaga applicator. The coated plates were air driud 
and then further dried for one-half hour at 75 q C. The 
plates were washed with absolute alcohol to remove 
materials which interfered at the development stage 
1 he plates were activated at \Mr C. for one-half hour 
and stored in a desiccator. An aliquot of eluate I 
or eluate 2 was then concentrated and spoiled on the 
plate along with samples obtained from spiked I lank 
soils. The chromatographic plate and developing t;,nk 
were placed in a refrigerator at 4° C. and developed 
with hexane-ethyl acetate (<J to 1). The plate vva- 
removed from the tank. ,. -dried, sprayed with the 
chromogenic agent, and exposed to ultraviolet light for 
5 minutes. 

Chemical Confirmation. Eluate 1 which contained 
P,/?'-DDT, and o,/>'-DD T was refluxed for 30 minutes 
with a 5% solution of sodium hydroxide. These 
compounds were thereby converted to p.p'-DDE and 
o.p'-DDE, respectively. This solution was extracted 
with hexane, washed with water, and dried over an- 
hydrous sodium sulfate. 

With samples containing dieldrin, an aliquot of 
eluate 2 was taken and evaporated to dryness. One- 
half milliliter or HBr reagent was added to the residue. 
and the mixture was allowed to staRd for 30 mmutes at 
room temperature before use. Five milliliters of water, 
3 ml. of hexane. and I ml. of saturated sodium sulfate 
solution were added to the residue, and the mis.ure was 
shaken. The hexane was separated, dried, and ex- 
amined by gas-hquid chromatography, 

With soil samples containing aldrin. an aliquot of 
eluate I was taken and evaporated to dryness. The 
residue was rcdissolved in 0.5 ml. of CHCI, and U.l ml. 
of chlorine reagent was added. After the solution 
stood for 5 minutes, the solvent was evaporated, and 
the residue was redissolved in J ml. of hexane and 
analyzed by gas chromatography. 
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, ,;., ami Discussion 

(ujr)t ji ; iliu' Recoveries. Quantitative recoveries of 

'. ,, h|oi aldrin, hcptachlor epoxide, /j,/>'-DDE, 

.jljrm, .'./''-DDT, DDD (rhothane), />,/>'-DDT, 

hlordun. Bnd l-hydroxychlordcne were checked 

uMing these insecticides to air-di "J soil samples at a 

,.i enttation of 0.1 p. p.m. The insecticides were cx- 
.., ird from the soil samples and subjected lo the 

■lumn purification procedure. The recoveries of 
JV Ukd insecticides and candidate metabolites ranged 
hci««en M :>"d 111%. The air-dried soil samples 
,. -named l to 5% moisture, and quantitative recovery 
taWulations were based on the weight of these samples. 
Nocoi recti ons were made for recoveries of insecticides 
rnuiul m agricultural soils based on the percentage re- 
, nveries of fortified samples at 0.1 p. p.m. Insecticide 
,c>klue levels below 0.01 p.p.m. were reported as zero 
even when lower amounts of the insecticides were 
present. 

Gas and Column Chromatography. Figure 1 shows 
.i gas-liquid chromalogram of the standard insecticide 
mixture obtained by using the SE-3QQF-! column. 
Two other columns, employing as liquid phases Dow 11 
and Dow Corning 200.QF-1 on Chromosorb W, were 
found useful in separating and identifying insecticides 
and metabolites. 

Liuatc I which was first elutcd from the Florisi! 
loluntn conlaincd hcptachlor, aldrin, 7-chlordan, 
/(.//-DDE. <*./>'-DDE, o,//-DDT, DDD, and p,p'- 
DDT. Eluate 2 contained heptachlor epoxide, 1- 
hydroxychlordene, and di'.Urin. On the SE-30/QF-I 
column, hcptachlor cpov.' and 7-chlprdan had 
approximate!) the same retention lime. Since, howeve 
hcptachlor epoxide was found in eluate 2 and 7-chloi- 




Figure 1. Separation of insecticides by means or a 
SE-30,QF-I column 



dun :r ssviiaj ., *c ji.*\i.':;x was encountered in estimat- 
ing imrr. S ri'aj-N the parrs, dieldnn and p,p'-DDE, 
f<tisx^y. A^i .^JTCschlor epoxide could not be 
sepurxisi ~ :->- IV* 1 1 column alone, but could be 
dsfcrt^cshfti ^c-ijjje beptachlor epoxide and dieldrin 
arrei-^-d ;- em.se 2, »raTe /v'-DDE and y-chlordan 
a pp«a-te :m ec._LS.re ] . 

Ls-Mx-icfe Residue-, in Agricultural Soils. Table I 
guts ;S- Vr.*"s. of ".nseciicidesand metabolites found in 
sods i'j«j »,;>. the available history of insecticides 
used ir>i cT-v--p rotation followed on the land from which 
the &un?-je$ »<rre obtained. The soil samples were 
lakeri iro-n* ipric-jitural lands where insecticides had 
beer: used ird where residues might be expected. 

Fcr.y-" c per cent c" all the soils investigated con- 
tained revd-jo of DDT plus metabolites between 1 
and »» p.jrm. A sing'e Nova Scotia orchid sample 
contained 20 pp.m. and a single Newfoundland sample 
eonu-.rsed 1" p p.m. Two to seven known applications 
of DDT tv.d rwn used on these agricultural lands with a 
wide rang-e of crops being grown. 

The chief r.et.ibohtes of DDT in the soils included 
DDE and DDD. The latter appeared chiefly in New 
Brur!>u;ck and Nov.i Scotia soil samples. DDE 
appeared >n almost all soils containing DDT. The 
highest levels of DDE and DDD in the soils were 2.91 
and LSI pp.m.. respectively. DDD has been re- 
ported to he a metabolite or DDT in lake water (13). 
Harris. Sans, and Miles (10) have also reported the 
pre-.- ice of DDD in soils which had been exposed to 
DIM 

riiKty-two per cent of the soil samples analyzed con- 
tained ?5 p.p.m. o( aldrin plus dieldrin. The highest 
concentrations of aldrin and dieldrin were 2.5 and 4.04 
pp.m.. rvsrxvtivelj . These are slightly higher than 
those rep.'-: ted by Harris. Sans, and Miles for Ontario 
soils. 1 he aldrin ami dieldrin residues were found 
in soils where the common crops grown were rutabagas, 
potatoes, and vegetables. 

Hcptachlor occurred in significant amounts in five 
samples and hcptachlor epoxide in six samples. The 
highest levels of hcptachlor and hcptachlor epoxide 
were 0.95 and 0.44 p.p.m. With two exceptions, v- 
ch Jordan, present as a contaminant in technical hepta- 
chlor, cvcurrevl in significant amounts in all soils which 
contained hcptachlor and hcptachlor epoxide. -y-Chlor- 
dan was found in seven soil samples which had been 
exposed to hcptachlor at levels between 0.06 and 0.86 
p.p.m. In several Prince Edward Island soil samples ex- 
posed to hcptachlor. a compound was detected on the 
SE-30 1JI-I column which had the same retention 
lime as l-hydroxychlordenc. The presence of a com- 
pound having the same retention tunc as 1-hydroxy- 
ehlordene was later confirmed using a 10% DC-200/ 
01 -I column 1 our Prince Edward Island soils which 
had Kvti subjected to frecjiK-nt applications of hepta- 
chlor Contained l-hulioxulvluulciic in concentrations 
between 0.01 ami It.W p.p m. 

A 15 to 20"; constituent or technical DDT (7). 
o./i'-DDE, was found consistently in DDT-trealcd 
soils. The highest concentration of <i,/j'-DDT found 
in tiny soil sample was 2. 63 p.p.m. 
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Table I, 


Soil Samples, Insecticide Residue Analy 


ses, 196S 




















Cropping 


and Insecticide History 










Residues in Soil 


Samples, 


P P.M. 








2 










Total 






















— 


Sample 


Crops 


Insecticide 


Years of application 


toxicant, 

lb./acre 


Hcpt. 


Hept. 

epox. 


-v hloi 


Aidrin 


Dieldrin 




DDT 


DDE 


DDD 




3» 


P,P' 


■>./>' 


1-OH-C" 














Prince Edward Island 




















I 


Rutabagas 
Potatoes 


Aidrin 
DDT 




•63 

■61 


12 
3 





o 





0.73 


0.75 


44 


11 


05 


62 







2 


Rutabagas 
Potatoes 


Heptac 
Aidrin, 


hlor 
DDT 


Alternated use for 
7 years 


1 


0.09 


01 


0.17 


0.61 


0.30 


27 


0.07 


0.09 





0.03 




? 


Vegetables 


Heptac 

Aidrin, 


hlor 
DDT 


Alternated use for 
15 years 


■• 


0.95 


0.44 


0.86 


0.09 


0.36 


3.49 


0.63 


0,23 





0.33 




4 


Rutabagas 


Heptachlor 


'59 


5 


0.05 


0.07 


06 








0.72 


0.12 


0.15 












Strawberries 


DDT 




•60, '61. '62 


4 
























S 


Vegetables 


Heptachlor 


Alternated use for 


7 


0.26 


OS 


27 


02 





86 


21 


15 





0.01 








Aidrin, 


DDT 


many years 


























6 


Potatoes 


DDT 




'51, *54, '57, '60, '63 


10 

















1.17 


0.16 


0.12 










7 


Orchard 
(under trees) 


DDT 




'50-'63 


20 











n 





0.06 





03 










S 


Orchard 

( between trees) 


DDT 




•50-"63 


a 

















0.08 


01 


0.03 










9 


Strawberries 


DDT 




*58-'64 


6 





F| 








0.02 


0.71 


0.15 


0.12 


0.10 







ID 


Potatoes 


DD"I 




'59-'64 


7.5 

















01 


0.04 


0.03 










li 


Rutabagas 


Aidrin 




'64 


5 

















0.02 





0.01 










12 


Rutabagas 


Heptachlor 


•57-60 


10+ 


0.68 


0.05 


0.48 


0.59 


0.33 














0.08 






Carrots 


Aldnn 




•60, "65 


8+ 
























13 


Carrots 


Aidrin 




'60, '61, '62, '63, '64 













0.44 


0.86 


0.08 


0.01 

























Nova Scotia 




















1 


Orchard 
(between trees) 


DDT 




•57-'61 


4 5 





1) 











0.66 


10 


20 


o 






2 


Orchard 

(under trees) 


DDT 




'57-'61 


4.5 

















1.37 


0.22 


0.42 









; 


Carrots 


Aldnn 




•59, '61, '62, '65 


30 


D 








2 .13 


4.04 


0.15 


0.05 


0.02 


0.03 






4 


Vegetables 


Aidrin 
DDT 




'65 


6 
0.75 





' 





0.49 


0.17 


01 















5 


Strawberries 


DDT 




'65 


1 











01 





0.12 


02 


0.01 









6 


Vegetables 


Aidrin 
DDT 




'55-'65 

'65 


12 
3 


'1 


s 





39 


0.38 


0.43 


10 


il 05 


(! 






7 


Apple orchid 


DDT 




'55, '58, '59, '64 


25 





1) 





02 


04 


3.00 


44 


0.91 


0.33 






• l-Hydroxych'jrdciw. 































Tabic I. Continued 



Cropping and Insecticide History 



Residues in S-.iii Samples. I'.P.M, 



< 

c 
r 



p 



2 

> 

1 

C 

7. 

a 



Sample 



Crops 



8 


Rutabagas 


; ; 


Vegetables 


10 


Carrots 


i i 


Pot ;i Iocs 



12 Potatoes 

13 Vegetables 

1 4 Vegetables 

15 Orchard 

(between trees) 

16 Orchard 

(under trees) 

17 Orchard 

(under trees) 

18 Orchard 

(between trees) 



1 Orchard 

(under trees) 

2 Orchard 

(between trees) 

3 Orchard 

(under trees) 

4 Orchard 

(between trees) 

5 Corn 

6 Strawberries 

7 Potatoes 



Insecticide 



Aldnn 

Aklrin 

DDF 

Aklrin 

Aldrin 

DDT 

Aldrin 

DDT 

Aldrin 

Aklrin 

DDT 



DDT 

DDT 

DDT 

DDT 

DDT 
DDD 

DDT 
DDT 



Years nf application 



'65 

'59, *60, '63, '65 

'60, '63, '64 

'61, '63. '65 

'63, "64, '65 

'63, '64, '65 

'61 

•57, '65 

'60 -'65 

"57, '60, '65 

'64 



"62, '63 




'62, '63 




'57, *59 




'57, '59 




'57, *58, 


'59 


'57 




'64 




'48-'65 





Total 
toxicant, 
Ib./acrc 
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Nova Scotia 
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07 
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05 
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3 
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II 
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99 
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3S 
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(1 26 
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0.49 
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1) 


0.09 


0.52 


1.42 


70 


1.47 


0.52 
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on 
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LSI 
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o 15 


0.16 


46 
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New Brunswick 
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05 


0.80 


35 


0.29 


0.29 


6 











0.01 


0.08 


70 


0.19 


19 


0.26 


3-6 

















2.56 


29 


0.23 


0.23 


3-6 











0.01 
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Cropping and Insecticide History 










Residues in Soil Samples, P.P.M. 
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Total 
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Sample 


Crops 


Insecticide 


Years of application 


toxicant, 

Ib./acre 


Hept. 


Hept. 

Epox. 


7-ChIor. 


Aldrin 


Dieldrin 


DDT 


DDE 






/'.,"' 


o,p' 


DDD 1-OH-C 
















New Brunswick 


















s 


Potatoes 


Aldrin 
DDT 


'63 
*63, '64 




2 
6 


fi 








0.09 


0.14 


0.23 


0.03 


0.02 







9 


Potatoes 


DDT 


"53, '56, '59, 


'62 


12 


0.15 








0.06 


0.01 


4.24 


1.20 


1.74 


1.21 




10 


Broccoli 


Aldnn 
Endrin 


'62, '65 
"62, *65 




0.5 
0.5 











0.14 


0.02 


0.18 


0.13 


0.05 







11 


Potatoes 


DDT 


'49-*63 




20-40 


p 








1.42 


0.06 


0.50 


0.13 


0.07 


0.16 




12 


Brusscl sprouts 


Aldrin 


•65 




3 

















0.75 


0.31 


0.19 


0.25 




13 


Rutabagas 


Hcptachlor 


'57 




1.25 


0.01 








0.07 


0.11 
















14 


Rutabagas 


Aldrin 


'65 




15 


0.01 


0.05 


0.22 


0.01 



















15 


Co- 


Aldrin 
DDT 


*61 
'64 




4 
1 











0.02 


I) 


0.49 


0.09 


0.05 


0.05 
















Newfoundland 
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Potatoes 


Aldrin 
DDT 


'64 

"64 




2.5 
2.5 











0.48 


15 


0.03 





0.11 
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Root crop 


Aldrin 


*63 




6 


(t 
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0.28 


0.52 


0.97 


0.18 


0.07 







3 


Root crop 


Aldrin 


'61, '63, '65 




7.5 











1.39 


0.68 


13.84 


2.63 


0.65 







4 


Cabbage 
Lettuce 


Aldrin 
DDT 


'60, "61, '65 
'60, '61, '63, 


•64, '65 


24 
5 





(i 





2.50 





5.41 


0.97 


0.28 
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Cabbage 


Aldrin 
DDT 


•55, '58, '62, 
'55, '58, '62, 


•64 

'64 


10 

5 











0.40 


0.36 


0.84 


0.18 


05 
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Root crop 


Aldrin 
DDT 


3 of 4 years- 
3 of 4 years- 


•65 

'65 


45 
IS 





o 


11 


1.50 


1.35 


1.12 


024 


0.07 
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Turnips 

Cabbage 


Aldrin 
DDT 


'62, '63 
•62, '63 




5 
3 


II 








0.29 


1.45 


4! 


0.09 


02 







8 


Root crop 


Aldrin 
DDT 


*59, '60, '61. 
'59 -'65 


*62 


2D 

7 


!) 








0.13 


0.08 


1.40 


0.26 


0.03 







9 


Cabbage 


DDT 


■63, '64, '65 




ft 75 


'1 








0.03 





1.56 


0.34 


0.03 
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Root crop 


Aldrin 


•62, '63 




7.5 

















0.34 


0.08 


0.03 











DDT 


'62, '63 




3 





















On-uik-il Conversion Results. Chromatograms were 
,,'■1.11111 -d I"* 1 " 11 s °" samples containing /),/?'- DDT and 

r '.\y\i\ before and after treatment with sodium 
htJroxidc. These compounds were converted to 
aji'-ODE and oj»'-DDE by sodium hydroxide, and the 
peaks obtained after treatment of soil samples contain- 
ing tlxm had the same retention time as pure authentic 
tampk-S of p,p'-DDE and h./j'-DDE. Aldrin, dieldrin, 
heptnchlor, and heptachtor epoxide do not react with 
sodium hydroxide. 

Figure 2 shows ihe chromatogram of eluate 2 con- 
i. lining dieldrin, the same cluatc after treatment with 
1 1 Hi. and a reference sample of pure dieldrin treated 
with the same reagent. Under the reaction conditions 
employ i '', dieldrin was converted to two compounds, 
which had longer retention times on the SL-30/QF-1 
column ttuin dieldrin. No attempts were made to 
identify the* peaks. O'Donnell, Johnston, and Weiss 
(IS) have shown that On treatment with hydrobromic 
ncid acetic anhydride at !20 a C, dieldrin is converted 
to 6-acetoxy-7-bromo-6,7-dihydroaldrm. Hamence, 
Hall, and Caver ly (9) report that only one compound 
v>as delected under the above reaction conditions when 
j:.is chromatography was employed as the analytical 
tool. 

Soil sampler containing aldrin were treated with the 
chlorine reagent and gave two peaks on the SE-30/QF-1 
column which had identical retention times as pure 
aldiin treated with the - nne reagent. Chlorine adds 
to the unchlorinated don! !e bond of aldrin to form the 
iru/w-diehloride (17). Under the same reaction con- 
ditions, chlorine did not add to the double bond in 
/7.//-DDE. 

Figure 3 shows the separation of several insecticides 
and related materials found in soil samples in eluates 
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Figure 2. Treatment of dieldrin with HBr 
along with a soil sample containing dieldrin 
before and after treatment 
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Figure 3. Thin-layer chromatography 

A. Standard solution or insecticides (lop to 

bottom) aldrin, />,p'-DDE, heptachlor, o,p'-DDT, 

p,p'-DDT. 

B,C,D,E. Eluate t of soil samples containing 

several insecticides. 

F. Standard mixture of dieldrin and heptachlor 

epoxide. 

G,H,KJL Eluate 2 of soil samples containing 

heptachlor epoxide and dieldrin 



1 and 2 using thin-layer chromatography. The 
behavior of reference materials is presented also. 
Better separation and less diffusion of the spots occurred 
when the chromatographic tanks and solvent were 
kept at 4' C. The quantity of insecticide in the soil 
samples was estimated visually after development by 
comparing the spot size and intensity with know n stand- 
ards of the pure insecticides chroniatographed on the 
same plate. The semiquantitative estimations of the 
amounts of insecticides present in the sample using 
thin layer chromatography was in general agreement 
with the results obtained by gas-liquid chromatography. 
The solvent system hexane-ethyl acetate (9 to 1) did 
not move 1-hydroxychlordeiie on a thin-layer plate. 
However, a developing system consisting of hcxane- 
eth>l acetate (7 to 3) separated I-hydroxych!ordene 
from dieldrin and heptachlor epoxide. 

The results reported in this paper indicate that sig- 
nificant amounts of insecticides may be present in 
agricultural soils where organochlorinc compounds have 
been frequently applied. This study was exploratory in 
nature and the data are not statistically representative 
of the Atlantic Provinces. Insecticides can be absorbed 
from soils by certain plants, and it is important to 
know the insecticide levels in selected soil samples in 
order to prevent contamination of crops by insecticides 
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II. INVITATION PAPERS 



INSFCTIC1DE POLLUTION AND SOIL ORGANISMS' 

C. R. Harris 

Research Institute. Canad.i Department of Agriculture. London, Ontario 

Abstract 

Information available at present indicates thai although residues of some 
organochlorme insecticide* arc accumulating m soils, they are not generally re- 
sulting in serious deleterious effects on soil microorganisms or soil animals Some 

insect pests have become resistant 10 the cyclodiene insecticides, and also, 
population shifts have occurred, resulting in serious insect control problems. 
CI, mis are absorbing residues of some organochlorme insecticides from soils. 
While this does not appear to be a direct hazard to human health, the problem 
is potentially more serious with crops used for animal feed Because of magnifi- 
cation, minute residues in crops ma> result in unacceptable residue levels in 
milk and annual products. The most serious problem is thai of general environ- 
mental contamination with certain organochlorine insecticides and the side 
effects which may occur Because of these side effects, the organoehlorine 
insecticides are being rapidly replaced with organophosphorus and carbamate 
compounds, partly because of a popular misconception that these newer 
materials arc less persistent. Data Lire presented to show thai this is not 
necessarily ihe case. White advocating restrictions on the use of the organo- 
chlonne insecticides, the author suggests caution in haphazardly replacing 
them with materials which may have even more serious environmental side 
effects 

Although we hear a great deal about environmental pollution these days, the 
major emphasis is being placed on air and water pollution. Few people realize 
that these is u third aspeet which is receiving less attention, i.e. pollution of the 
soil. Although we must have air to breathe and water to drink, it is from the soil 
that, directly or indirectly, we produce most of our food. The top few inches of 
the soil contain vast numbers of beneficial living organisms, which contribute 
to the structure, formation, and fertility of the soil. Without them the soil could 
conceivably become so unproductive ih.tt we would be unable to feed the ex- 
ploding population of the world, Unfortunately, not all soil organisms arc bene- 
ficial Coleopterous, dipterous, and lepidoptcrous insects are serious crop pests, 
as are some other arthropods such as millipedes, mites and symphylans. Nematodes 
.ire a serious pest: fungi and bacteria cause diseases in plants; and weeds arc an im- 
portant problem. Consequent ly, modern agriculture injects large quantities of 
chemical pesticides into the soil to control these pests. What effects do these 
pesticides nave on the soil organisms and their environment? 

Although not entirely justified, much of the current concern over pesticide 
pollution of our environment is centred around insecticides. Consequently, this is 
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Ihe area of pesticide pollution about which we know the most, and to which I 
will restrict this discussion. However, I would like to suggest that many of the 
comments 1 make pertaining to insecticides may apply equally well to nematocides, 
fungicides or herbicides. 

Before discussing the effect of insecticide residues in soils on soil organisms, 
it would perhaps be of value to review a little of the history of the use of insecti- 
cides in Canada and, using southwestern Ontario as an example, to illustrate the 
residue buildup in soil which has occurred. 

Prior to 1945, insecticides in general use were inorganic compounds, of which 
lead arsenate was the prime example. This material was used extensively for 
many years, and is still used to some extent. Arsenic is highly persistent in soil 
and, as would be expected, residues have accumulated. Table I summarizes 
results obtained by Miles (1968) in a survey which he conducted on a number 

Tabi i I Arsenic residues 1 in soils in southwestern Ontario in relation to crop grown 



Crop Average Lowest — Highest 

residue (ppm') 



sugar beets 3.7 

corn 3.9 

cereals 3.9 

forage and pasture 4.0 

tobacco 4.7 

greenhouse vegetables 5.1 

vegetable! S.4 

orchards 53.5 



1.5 — 


N.'i 


II — 


K.S 


1 3 — 


6.9 


2.9 — 


S 5 


1 4 


6.9 


2.3 — 


6.9 


1.1 — 


26.6 


10.2 — 


121 (1 



i Arsenic occurs naturally in soils usually at < 10 ppm 

■ ppm calculated on the basis of the ovendry weight of soil 

of farms in southwestern Ontario. Arsenic occurs in soils naturally, usually at 
concentrations of less than 10 ppm Taking this natural arsenic content into con- 
sideration, it is apparent that most of our agricultural soils in Ontario do not 
contain significant levels of arsenic. However, in vegetable soils, arsenic residues 
were as high as 26.6 ppm, while in orchard soils, the residue levels ranged from 
10.2 to 12 I ppm. 

DDT. the first synthetic organic insecticide, was introduced about 1945, and 
was followed in a few years by the cyclodienc insecticides, of which aldrin. 
dieldrin. heptachlor, and endrin arc common examples. Between 1945 and 1965 
these materials were used extensively for insect control. Their use has now declined 
drastically DDT is highly persistent in soil, but is slowly degraded, primarily to 
DDE. Aldrin and heptachlor are only moderately persistent in soil, but are dc 
graded in part to the persistent epoxides, dieldrin and heptachlor epoxide. Endrin, 
a steroisomer of dieldrin, is also persistent in soil. In 1964, we undertook a survey 
of the residue levels of orgunochlorine insecticides occurring in farm soils in 
southwestern Ontario. Residues were present in virtually all soils (Table \\) I lie 
highest residue levels of DDT were found in tobacco, vegetable. ;md orchard soils. 
Residues of the cyclodienc insecticides, primarily dieldrin. were present in most 
soils with the exception of sugar beet soils, and orchard soils. Vegetable soils 
contained the highest residues of the cyclodienc insecticides. This study has been 
continued on n reduced scale on 16 farms. Between 1964 anil 1966, residues of 
aldrin, dieldrin. and DDT increased while residues of endrin decreased (Tabic III ). 
Five-year samples will be taken on these same farms in 1969. It is to be hoped that 
some levelling off of the aldrin, dieldrin, and DDT levels will occur to match the 
decreased use of the organochlorine insecticides which is said to have occurred 
since 1965. 
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Table II- Organochlorinc insecticide residues in soils in southwestern Ontario in relat on 10 
crop grown 



Crop 


DDT and 


Cyclodiene 


Total 






related 


insecticides 


residue 






materials 


and related 


(ppm) 






tppm') 


materials 
(ppm) 






sugar beets 


04 





0.4 




forage and pasture 


05 


0.3 


OX 




corn 


i 2 


0.2 


1 A 




cere iK 


14 


0.4 


i e 




greenhouse vegetables 


1.5 


0.8 


2 J 




tobacco 


3.: 


0.6 


3.8 




vegetables 


9.3 


1.6 


111 




orchards 


61.8 





61 8 





1 ppm based on ovendry weight of soil 



Table HI. Average levels of organochlorinc insecticide residues found in the soil on 16 
farms in southwestern Ontario 



Year 



1964 

1966 





Organochlonne insecticide residues 






in soil (ppm 1 ) 




aldrin 


dieldrin endrin 


DDT 


0.25 


0.48 0.22 


17.4 


0.47 


0.78 0.12 


23.9 



1 ppm based on ovendry weight of soil 

: Further samples to be taken in September 1969 



As a result of the development of cyclodiene insecticide resisiance by some 
species of soil insects, and the persistence of some of the organochlorinc insecti- 
cides in soil and other sectors of the environment, there has been a general trend 
away from these materials to other synthetic organics, primarily the organophos- 
phorus insecticide's and, to a lesser extent, the carbamates. The earliest organo- 
phosphorus and carbamate insecticides, such as parathion, malathion, diazinon. 
and carbaryl, were much less persistent in soil than the organochlorinc insecti- 
cides. In our survey studies, we seldom find residues of these materials. Unfor- 
tunately, the limited persistence of these early substitutes has led to the develop- 
ment of a popular misconception that they arc generally less persistent than the 
organochlonne- insecticides. In fact, this is not necessarily ihe case. In our 
laboratory, we screen all experimental insecticides under controlled conditions 
to determine their persistence in soil, and the materials arc classified into three 
groups: slightly residual; moderately residual; and highly residual. Over the past 
three years we have screened about 100 insecticides in this fashion. There are 
a number of short residual materials whose biological activity disappears in a 
matter of 2 to 4 weeks (Figure 1). However, there is a second generation of 
materials, many of which are now registered or close to being registered for use. 
which can be classed as moderately residual, i.e. they are similar in their persist- 
ence in soil to aldrin (Figure 2). At the rates at which they are recommended 
for use, which are often 2 to 7 times that required with aldrin, I have no hesitation 
in predicting that, in some instances, there will be a carry-over of residues of 
these materials in the soil from one year to the next. Even more disturbing is the 
fact that we have found some experimental insecticides to be as persistent as 
dieldrin (Figure 3), and at least one of these materials is being actively developed 
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for soil insect control. Thus, in our panic to move away from the persistent 
orgnnochlorine insecticides, we are on the point of recommending materials 
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which are more hazardous to use, and may in themselves be as persistent as, 
or more persistent than, materials such as aldrin and heptachlor which have al- 
ready been banned for use. 
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Figure 3. Persistence of biological activity of some insecticides in a sandy loam (Laboratory 

Studies) 
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I k.uki 4. Influence of dieldrin (2000 ppm) on soil microorganisms 

18 



What effect then will these insecticide residues in soil have on the soil 
organisms? 

Soil microorganisms are of pnmary importance to soil fertility. During the 
past three years, Dr C M. Tu al our laboratory has been studying the effect 
of insecticides on soil microorganisms The effect of dieldrin on total counts of 
fungi and bacteria in soil is illustrated in Figure 4. This work was done at the 
excessively high concentration of ".000 ppm. since the primary purpose of the 
experiment was to isolate a high!, tolerant species capable of degrading dieldrin 
However, dieldrin, even at this high concentration, had little effect on the total 
population of fungi and in fact, after 10 weeks, the population had adapted so 
well that the counts in the dieldrin treatment exceeded those in the control. Simi- 
lar results were obtained with bacteria. Tu also obtained the same type of result 
with aldrin, and others have obtained similar results with heptachlor, heptach.or 
epoxide, and DDT. Thus it would appear that the nrganochlorine insecticides 
have little effect on soil microorganisms. Recently, Tu has been examining the 
effect of organophosphorus insecticides on soil microorganisms. Results (Figure 5) 
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f H.LRi 5. Influence at diaziflOfl and Zinophos (100 ppm) on soil microorganisms 



obtained with two organophosphorus insecticides, diazinon and Zinophos, both 
of which are commonly used for soil insect control in Canada, indicated that 
neither material at 100 ppm had any pronounced effect on either the fungal or 
bacterial populations in the soil. Tu has obtained similar results with several other 
experimental organophosphorus and carbamate insecticides which are being actively 
developed for soil insect control Generally speaking, it would appear that the 
synthetic organic insecticides have little detrimental effect on soil microbial ac- 
tivities. 

Although they have little effect on soil microorganisms, what effects do the 
microorganisms have on the insecticides'.' The two major cyclodtcnc insecticides 
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used in Ontario were aldrin and heptachlor, but the predominant cyclodicnc in- 
secticide residues in our soils are dkldrtn and heptachlor epoxide. The explanation 
of tins phenomenon is simple ~ the microorganisms convert aldrin to dieldrin 
and heptachlor to its epoxide. Recently in our laboratory, we isolated 92 species 
of soil microorganisms from a sample of soil taken from a farm in southwestern 
Ontario known to have had an :xtensivc history of aldrin treatment. In in vitro 
experiments conducted over a period of six weeks, we found that 89 of the 92 
species (97%) were able l convert aldrin to dieldrin in amounts ranging from a 
trace to 9.29S of the added ;ildrin, flu et at. 19ft8). The results obtained with two 
species of microorganisms are illustrated in Figure (>, In the one case, the conversion 
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Figure 6. In vitro microbial conversion of aidrin to dieldrin 

of aldrin to dieldrin began almost immediately. In the other instance, a period of 
adaptation was required before the organism could metabolize the aldrin. Both 
bacteria and fungi were capable of the conversion. However, the fungi appeared to 
be the most active converters. These results, then, explain the rapid disappearance 
of aldrin residues in soils, i.e. perhaps 9Q' y o of it will vaporize, while the remainder 
is oxidized by soil microorganisms to produce dieldrin. 

Subsequent studies also pointed up another important difference between 
aldrin and dieldrin. Some soil microorganisms were capable of degrading dieldrin. 
Figure 7 illustrates the results obtained with two species capable of converting 
aldrin to dieldrin and, subsequently, degrading dieldrin. possibly to non-toxic 
hydrophyiic metabolites However, only 22 of 92 species (24%) of the soil micro- 
organisms, primarily bacteria and actinomyectes, showed any ability to degrade 
dieldrin. Thus, the conclusion is obvious — so long as there are residues of 
aldrin in the soil, the microbial conversion of aldrin to dieldrin will be greater 
than the microbial degradation of dieldrin. and thus dieldrin residues will tend to 
aC, lUlmlafii ill vtl 
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Figure 7. Vrt vitro microbial conversion of uldrin lo dieldr. i and subsequent degradation of 
dieldrin 

More recently we have been looking at the degradation of heptachlor by 
soil microorganisms and have obtained some extreni ly interesting and important 
results (Miles el al, 1970). The in vino microbial and chemical degradation 
of heptachlor is complex (Figure 8). Heptachlor is volatile and a large part of it 
in water or soil will vaporize. In addition, we determined that microorganisms 
convert heptachlor to its epoxide and identified those involved. During the experi- 
ment we also found that a limited number of micrccrganisms are capable of de- 
grading heptachlor to chlordene. And, we discovered a major pathway of chemical 
and microbial degradation of heptachlor to much less toxic metabolites. 1 his 
involves the hydrolysis of heptachlor to I -hydroxy, hlordcne which is, in turn, 
metabolized by microorganisms to l-hydroxy-2.3-cpoxychlordene. This latter is 
then metabolized by microorganisms to an unknown compound, possibly kcto- 
chlordcne. From the pollution point of view, these results are of considerable im- 
portance. The hydrolysis to 1 -hydroxychlordenc in aqueous solution occurs quite 
rapidly. Thus, it would appear that it is highly unlikely that heptachlor could 
become a serious pollutant of water. In soils, the picture is not quite so clear 
While we have evidence that 1 -hydroxychlordenc is found in soils, the amount is 
about equal to the amount of heptachlor epoxide formed. At present wc arc trying 
lo establish quantitatively the importance of the various pathways of degradation 
of heptachlor in soil, soil-water, and water systems. 

Microorganisms also degrace DDT to DDF. and some evidence is now 
being accumulated that indicates that they arc active at some stage in the degrada- 
tion of oryanophosphorus and carbamate insecticides. It is becoming apparent 
that soil microorganisms have a major role in the degradation of itisccticidal 
residues in soil. 

What are the effects of insecticides on soil animals? Soil animals belong prim- 
arily to three invertebrate phyla, the Protozoa, Annelida, and Arthropoda. Of 
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Figure K. Scheme for chemical-mitrobial degradation of hepuchlor 

these, little is known of the effects of pesticides on the soil protozoans. Fortunately, 
some excellent work is being carried out by Dr. C. A. Edwards and his co-workers 
at Rothamstead on the effects of pesticide residues in soil on other soil inverte- 
brates, and in a recent paper Edwards (1964) summarized the results of several 
years of research. 

Earthworms are of major importance in soil since they break down much of the 
plant debris reaching the soil, and turn over the soil and aerate it. Thus, pesticide 
residues in soils which appreciably reduce numbers of earthworms could constitute 
a serious problem Edwards has shown that earthworms are tolerant to many 
pesticides. None of the chlorinated hydrocarbons affected them seriously, other 
than heplachior and chlordane. Among the common organophosphorus and car- 
bamate insecticides, only phorate and earbary! were particularly toxic Other 
organophosphorus insecticides did reduce earthworm populalions, but they re- 
covered relativelj quickh since the chemicals were all short-residual compounds. 
However, ii is difficult to predict what uul happen to earthworm populations with 
the second generation of organophosphorus and carbamate insecticides now being 
developed for use. These materials, which are moderately persistent in soil, may 
have a more lasting effect. I do think that it is significant, however, that the mater- 
ials which have had the most toxic effect on earthworms, i.e. chlordane, phorate, 
and carbaryl, are three materials that are commonly being substituted in place of 
the organochlorine insecticides that are being phased out 
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An equally important aspect of the earthworm problem is that they can 
concentrate the organochlorine insecticides in their adipose tissue. Edwards has 
found aldrin and dicldrin residues in the bodies of earthworms at concentrations 
10 X that of the surrounding soil. Similar results have been obtained with hepta- 
chlor heptachlor epoxide, and DDT. Such uptake of these persistent insecticides 
constitutes .1 serious problem, since earthworms serve as an important source ot 
food for birds, which in turn may concentrate insecticides to an even greater 
degree Hence, earthworms, as a lower link in the food chain, are an important 
source of undesirable chemical residues in higher animals Fortunately, towards 
has found that the less residual organophosphorus insecticides are not concentrated 
to any great extent in earthworms. More information is required on the second 
generation organophosphorus and carbamate insecticides now being developed. 

Edwards and his group have concentrated much of their effort on soil arthro- 
pods Many soil arthropods are beneficial in that they contribute to the disintegra- 
tion and digestion of plant residues, and to the breakdown of debris into its 
organic and inorganic constituents. Examples include the wood lice, millipedes 
orfbatid mites, and several species of insects, particularly springtails and larvae ot 
beetles and flics. Other arthropods, including millipedes, mites, symphy ans, and 
lepidoptcrous, coleopterous and dipterous larvae are serious pests. Still others. 
including spiders, centipedes, and parasitic mites are predatory on both the bene- 
ficial and pest species of soil insects. Recently Edwards (1969) summarized results 
of an interesting study on the effect of DDT and aldrin applied at normal rates ot 
soil application on soil arthropods. As would be expected, both pesticides radically 
altered the number of individuals within the population of each species of sot 
arthropod and also the number of species present in the soil. The overall 
effects obtained are illustrated in Figure 9. DDT resulted in a slight decrease 
in total arthropod weight, while aldrin resulted in a drastic decrease. When 
predator weights were compared, both DDT and aldrin drastically reduced the 
soil predators. However, when the beneficial arthropod weights were compared, 
DDT resulted in an increase over the control, while aldrin resulted in 1 -harp 
decrease Edwards showed that the increase in beneficial arthropod weight obtain- 
ed with DDT was because DDT was toxic 10 predatory mites, and as a re ult a 
pronounced increase in Collembola occurred. Since Collembola are of major 
importance in the degradation of plant debris to organic matter, it is appaienl that 
DDT in this instance, has a beneficial influence. As would be expected, both 
aldrin and. to a lesser extent, DDT, resulted in a drastic decrease in pest weight. 
The results with aldrin would seem to indicate that, in contrast to DDT , it has 
a pronounced deleterious effect on both predators and beneficial soil arthropods, 
as well as on the arthropod pests However, this particular series of experiments 
was conducted on soils which were not cultivated- When Edwards ran parallel ex- 
periments with control and aldrin plot* on cultivated and uncultivated soil, he 
found that cultivation alone reduced the soil arthropods to an extent similar to 
that obtained with aldrin. He concluded that the change produced by aldrin was 
not significant in terms of soil fertility. The general conclusion which he has 
reached from his studies is that it is only in forest and woodland soils that in- 
secticide pollutants are a potential hazard, in that they may slow down the 
processes of soil formation and maintenance of soil fertility. He suggests that aerial 
spraying with large quantities of pollutants in forests should be eliminated wher- 
ever possible. 

As shown in Figure 9, both aldrin and DDT markedly reduce arthropod pest 
populations. The most effective materials against the common insect pests in soil 
were aldrin and the other cyclodiene insecticides As a result these materials were 
used extensively across Canada and the United States, and, as shown earlier (Tables 
11 and 111) cyclodiene insecticide residues have built up to significant levels in soils, 
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Figure 9 Influence of DDT and aldrin on soil arthropod populations [Modified from 
C. A. Edwardt ( 1069 j] 



particularly tobacco and vegetable soils. In many initances, these residue levels 
were sufficiently high to result in constant selection pressure on soil insect popu- 
lations. Consequently, within a relatively short period of time some soil insects 
developed a high degree of cyclodiene insecticide resistance. In Canada this was 
particularly the case with the root maggots (Table IV). Five species developed 

Table IV. Degree of cyclodiene insecticide resistance lo aldrin in various species of root 
maggots in southwestern Ontario 



Species 
bean seed fly (seed maggot) 
onion maggot 

seed-corn maggot (seed maggot) 
cabbage maggot 
carrot rust fly 



Resistance level 
X 253 

X 591 
X 770 
X 1.127 
X 5.600 



a very high level of resistance to aldrin, ranging from X 255 with the bean 
seed fly to x 5600 with the carrot rust fly. In addition, cross-resistance occurred 
to all the other cyclodiene insecticides, but not to DDT or the organophosphorus 
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or carbamate insecticides. In the United States, wircworms and the corn root- 
worm have also become resistant to the cyclodienc insecticides. The use of these 
materials has also resulted in species shifts which have resulted in serious economic 
problems. A good example of this is the cutworm problem in tobacco in south- 
western Ontario. In the 1950's the mujor cutworm species in tobacco were the 
black (Agrotis ipsilon Hufnagel), and variegated (reridroma saucia Hiibncr) 
cutworms. The dark-sided cutworm (Euxoa messoria Harris) was a pest of minor 
importance By 1957, aldrin and hepiaehlor were being used extensively for cut- 
worm control in tobacco. These materials were remarkably effective against the 
black and variegated cutworms (Table V), and when applied at the recommended 
rate of l'/j pounds per acre, provided 100% control. Within 2 to 3 years both 
species had ceased to be a problem. However, the dark-sided cutworm was highly 
tolerant to aldrin (Table V) and the other cyclodienc insecticides, and as the 

Table V. Toxicity of aldrin EC applied as a surface application to nioist sandy loam to 
3-4 insiar larvae of the variegated, black and dark-sided cutworm 



Species 


Average corrected % 
application i pounds 


mortality at indicated rate of 
active ingredient per acre) 


variegated 

black 

dark-sided 


'/« 

94 

45 






W 

100 

95 






1 2 4 
100 100 100 
100 100 100 





two susceptible species were eliminated, the dark-s.ded cutworm moved in to fill 
the vacuum. By 1961, the outbreak reached extremely serious proportions, and 
it was not until 1966 that an adequate method of control was worked out utilizing 
DDT. An intensive research program is now under way to find adequate re- 
placements for DDT 

To date, there has been no development of resii.tancc to the organophosphorus 
insecticides by soil insects in Canada although the corn rootworm has become 
resistant to diazinon in the United States. The mam criteria for the development 
of organophosphorus insecticide resistance is the same as that which was necessary 
with the cyclodiene insecticides, i.e. that residues in soil should be sufficiently 
high to result in constant selection pressure on the population. So long as we use 
short residual organophosphorus insecticides such as diazinon, it is unlikely 
that this will occur, other than with insects which have only one generation per 
year. However, in some instances, these short residual materials have not provided 
effective pest control. As a result we are beginning to switch to more residual 
organophosphorus and carbamate insecticides (Figure 2). These materials will 
undoubtedly result in higher selection pressure, and, in 5 to 6 years, I would 
expect that we will begin to see the development of organophosphorus insecticide 
resistance in certain species of soil insects, particularly the cabbage maggot. In 
addition, we may also encounter population shifts similar to those 1 described with 
cutworms. The substitute materials which we are developing to replace DDT for 
cutworm control are short residual materials. While they will be effective against 
I he dark-sided cutworm, they will not necessarily be effective against the black and 
variegated cutworms. Within 4 to 5 years after their introduction, we may find 
that the dark -sided cutworm is no longer a problem, while the black and varie- 
gated cutworms are ascendant. 

In any discussion of soil pollution we cannot ignore the effects of pollutants 
on the plants we grow in the soil. The most obvious effect is phototoxicity. With 
insecticides this has happened in some instances where attempts have been made 
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to convert orchards to other types of farming. Arsenic at high concentrations, as 
occurs in orchards, can be phytotoxic to some crops. A less obvious but more im- 
portant effect is that residues are absorbed from soils by some crops. Root crops 
are often quoted as the prime examples of this phenomenon. Table VI shows 

Table VI Residues of organochloime insecticides in a clay loam soil and residue's found in 
root crops grown in ihis soil 



Soil -Crop 


Organochlorine inscctic 
residues (ppm 1 ) 


de 




DDT 


aid tin 




dicldrin 


Soil — before planting 
— after harvest 
Carrots 
Radishes 

Turnips 
Onions 


0.36 
0.34 

T 





53 
0.4« 
0.02 
T 






0.8S 
1.08 

(ill 
o.os 
003 
0.02 



1 ppm calculated an ovendry weight of soil and fresh weight of crop 
» T - - trace = < 0.01 ppm 

residues of DDT, aldrin, and dietdrin absorbed by root crops grown in a clay 
loam soil contaminated with these three insecticides The amounts of DDT ab- 
sorbed by crops are generally insignificant. Contrar, to popular opinion aldrin 
is not absorbed by crops to any significant extent, or if it is, it is rapidly con- 
verted to dicldrin. Significant dicldrin residues appear in rout crops, particularly 
carrots (Table 6). However, the indications are that residues absorbed by crops 
used for human consumption are generally well below the established tolerances. 
More serious is the problem of absorption of some insecticide residues from 
soil by crops used for animal feed (Table VIU. Residues of DDT and aldrin did 



Table VII. Residues of organochlorine insecticides in a clay oam soil and residues found in 
crops used for animal feed 



Soil-Crop 


Organochlorine insecticide 


residues (ppm') 




DDT aldrin 


dicldrin 


Soil — before planting 


0.39 0.37 


1 02 


— after harvest 


0,43 0.14 


1.19 


Sugar beets (roots) 

Car rots 


01 
o 


0,07 
004 


Potatoes 





003 


Sugar beets (tops) 


0.03 


0.03 


Corn 


0.04 


0.02 


Oats 


003 


0.02 


Alfalfa 


0.01 


002 



ppm calculated on ovendry weight of soil and fresh weight of crop 

not appear in what would be considered significant amounts. However, virtually 
all the crops tested absorhed dicldrin to some extent. Sugar beets absorbed the 
greatest amounts, followed by carrots, potatoes, sugar-beet tops, corn, oats, and 
alfalfa. Since animals tend to concentrate dicldrin in their fatty tissues, this con- 
stitutes a potentially serious problem. There is little agreement as to the concentra- 
tion of dicldrin in crops which will result in unacceptable residue levels in milk 
and other animal products. Obviously, this will depend on a number of factors 
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including the dieldrin concentration in the crop, the proportion of the crop in he 
animal diet and the length of time that the crop in question is fed to the 
Is Vocn assumed that levels as low as 002 ppm dieldnn ma crop 
woSd Mttl in unacceptable residue levels in milk and annual products. On this 
bSJ IK is SSSSly rather arbitrary it would ■Pf"'*-- a number 
of instances in our expcnmeiits. residues oi dieldnu in the soil were sirtliucnH> 
Ih o ?esult?n significant residue level, in crops grown for mim.l feed However, 
I should Point out that we were working with soils in which the cyclodiene in- 
secticide residues were abnormally high, and that, as a general rule, most of our 
agricultural soils contain less than one third that amount of residue. 

I am often asked, "What level of insecticide residue in the soil constitutes 
pollution?" This is an extremely difficult question to answer. Unfortunately, 
manv oeople tend to take the results of chemical analysis per se and make a judg- 
rS on This basis This is the wrong approach. Table VIII shows results we 

T*ble VIII. Influence of organic content of soil on Ihc biological activity o; dieldnn and its 
absorption by carrots 



«... %O.M Dieldrin (ppm' ) H.oaclivily' 

:>0 " lype in soil in carrots 



-ndy loam 1.0 I.JJ ■» 97 6 

clay loam 6-« }■*' , 2 



1 ppm based on ovendry weight of soil and fresh weight of crop 



1 tolerance = 1 ppm 

> tot insect — first inslar crickets 



obtained when we grew carrots in soils containing approximately Jf " n " co " 
centration of dieldrin (2 ppm) but varying amounts of organ.c matter As you 
can see, both the insecticidal activity assessed by bioassay and absorpt on of he 
residues by crops decreased in proportion to the amount of organic matter in the 
o Thus a residue of 2 ppn? of dieldrin in a sandy loam would constitute a 
Sriy serious level of pollution. By contrast, 2 ppm of dieldnn in a muck soil is 
£ little consequence. Most of our high insecticide residues, mctdenta ly. occur in 
muck oil where they are inactivated. We seldom find a mineral soil where 
Sues of dieldrin exceed 0.5 ppm or, at the very most 1 ppm We have obtained 
similar results with both heptachlor epoxide and DDT m that activity and/or 
absorption by crops is in proportion to the amount of organ.c matter in the sod. 
To ,um up- The information which we have to date, which deals primarily 
with the organochlorine insecticides, indicates that the present residue levels in soil 
are generally not resulting in any serious deleterious effects on beneficial soil organ- 
isms The organochlorine insecticides do not effect soil microorganisms and hence 
are not altering soil fertility; with one or two exceptions, they are not causing perm- 
anent deleterious effects on beneficial soil animals. On the other hand, some insect 
pests have become resistant to the cyclodiene insecticides, and in other instances. 
population shifts have occurred, resulting in serious insect control problems. Also, 
some plants are absorbing residues of some cyclodiene insecticides from soil. 
While these residues are not at serious levels in crops for human consumption, the 
problem is potentially more serious in crops used for animal consumption. 

At present there is a trend away from the persistent organochlorine insecti- 
cides to organophosphorus and carbamate insecticides, on the questionable as- 
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deliberately decreasing crop yield or quality. Thus I teci tmu me t 
?ncS« still have an important place in some phases of msec, cont o . 

At the same time we cannot ignore the problem of environmental pollution 
AlthouEh thisTroblem has been blown up out of all proportion by the opponent 
of Sides the? I is sufficient informatics available to indicate that the persistent 
o ^mSlorine inscc icides are. indeed, a serious problem. The evidence, however 
sth tk most instances, the problem is not coming so much from agricultural 
i !i "r from municipal uses, such as massive Dutch elm d.sease ontro 
^Lr«m« ihd home owner use, and from rural programs, such as Diung ny 

m a seHous envtronmental pollution problem. Such appl.cat.ons should be by 

PCrm, m condusion 1 would like to state quite bluntly that we cannot do without 
oesticides We need them to produce, store, and process our food, to protect 
va -itas of Jest to protect man and his animals against d.sease-carrying m- 
sects to treat imoo ted food and fiber to prevent the introduction into Canada of 
SdSlS^SS of foreign pests; and to provide contro o nuisance pes. e* 

? pen r^oN quire much ^ research before they m.gh be *v*pcd to * 

nricuca! level It appears that pesticides will be with us for a long lime Thei 
S gS outweigh their liabilities. We must s.mply learn how to use them 
properly, and how to regulate and control their use. 

Chemical Designations of Experimental Materials 

American Cyanamid AC43064. cyclic ethylene (diethoxyphosphinothioyl) di.hio 
AmerSfc^amSa AC47031: cyclic ethylene (diethoxyphosphinyl) dithioimido- 



AmeSan 0n Cyanamid AC47470: cyclic propylene (diethoxyphosphinyl) dithio- 

Ravcr n 37^9 rb (Syl 0-2,4,5-trichlorophenyl ethylphosphonothioatc 
Oba 8874 0- 2 5dichloro:4-iodophenyl)0,0-diethyl P hosphoroth.oa«c 
Disanit o'O-dicihylO-p-(methvlsulfinyl) phenyl phosphoroth.oate 
ni svs" n sulfoxide- 0.0-d ethyl S-2-(ethylsulfinyl) ethyl phosphorod.thioale 
BK! I; u.n.eth y rO-3,5.6-trichloro-2-pyndyl phosphorothioate 
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Behavior of Hcptachlor Epoxide in Soil' 

C. R. Harris and W. W. Sv\s- 
Rescaich Institute, Canada Department of Agriculture, London 72, Ontario 



\ studv, in ImhIi lire labnratoiv and the field, was con- 
ducted to elucidate the factors influencing the behavior 
of Iieptachloi epoxide in soil l-aboraiory studies were dc 
Mik-d n« dcieriiiiuing the factors influencing inset uudal 
activity As i iIm , 1 1 contact poison, the epoxide was as 
effective ui more so titan Itcptachlor against 24- to It! In 
old crickets, Giylhu pemmylvaitit m (Butincister) ; picture- 
ninged 1 1 it - . Vhntio)>sis ilchilii (Loevr) ; and bl.uk cut- 
« onus, Apalu i/iutvn I ttttfnagcl) . However, in soil it 
was less effective lhaii hcptadiior. Tests indicated that 
in soil ii vaporiied to an extent sufficient lo cause fitiui- 
gam toxicity t<i inserts .mil thai volatility nas dependent 
tin soil ivpc, moisture, and temperature. The major factor 
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influencing insccticidal activity was soil type, with toxicity 
in uioisi soil ncgativeh correlated >siih organic content. 
Moisture and temperature were factors of lesser itnpor- 
la nee. Tests on persistenci >>i biological activity in min- 
eral soil indicated thai ihc epoxide was more persistent 
than lieptachlor, but slightly less persistent than dicklrin, 
Microploi lieU trials with 3 soil i>pes containing 0.9, ld.fi, 
and :.!' organic waiter treated with approximately 2 
ppin of hcptachlor epoxide indicated thai while it u.is 
persistent in soil, insccticidal activity, absorption by crops, 
and mobility 111 soil were proportional in the organic 
content, rather than ilic concentration ol insecticide 



Earlier papers have noted that 1 lie biological activ- 
iiy ol i usee Ik ides in soil depends on numerous inter, 
related factors including the susceptibility and be> 
bavioi ol en It species ol soil insect, soil type, mois- 
ture, and U'in[)er.tiuie. and the persistence ol biologi- 
cal activity (reviewed by Edwards 1966. Hams 
1972a. b). Il also lias been pointed out (Harris 
1972a) that, since each insecticide possesses its own 
specific properties, efficient methods ol soil-insect 

control will bC devised only after investigating in 

deiail ihe behavioi ol cacti rtirapound in relation to 
the factors noted above. Hepiachlor has been used 
extensively throughout [lie world for soil-insect con- 
trol. .<nA considerable effort lias been devoted 10 
defining t lie parameters influencing iis activity in 
soil (Bowman el al IWSa: lUirkhardt and Fahchild 
I9li7; Harris IfffiG. 1!M»7. 1971: Wiesp |9bT) . It lias 
been shown also that, in general, is is of limited 
persistence in soil and tint it degrades, in part, to 
l-liydroxythiordcnc {Bowman et al. 19<i.ia. Duffy and 
Wong 1967, Carter and Stringer 1970) and to hcpta- 
chlor epoxide (Cannon and Bigger 1938). Miles et 
al. (1969, 1971) in in vino exixrriments determined 
thai hcptachlor is rapidly Iiydrolyred to I -hydroxy- 
chlordene in aqueous solution and that soil micro- 
organisms can convert hepiachlor to hcptachlor epox- 
ide and the latter to I -hydros yclilordene. The extent 
10 which 1 -hydros ychlordenc will persist in soil is 
not clear, but il does not appear to be insecticidally 
tiaive (Bowman et al. I9l>5b, Harris 1972b). By 
contrast, hepiachlor epoxide is persistent (Wilkinson 
et al. 1964) and insecticidally active in soil. It is 
therefore important to define the factors influencing 
its bcfiav 101* in soil. 

Methods and Materials.— Procedures used, both in 
the laboratory and field have been described, in de- 
tail, in previous reports (Harris 1909, 1971, 1972a: 
Harris and Sans 1972) and will be given in less 
detail in (his re]>ori. 

Laboratory Sfwdki-^Studies in the laboratory were 
on the factors influencing ihe biological activity of 
heptaililor epoxide in soil. Test insects included 24- 
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to -la-ln-old crickets, Gryllus peimsyhwiicus (Bur- 
meisiLi) ; adult picture-winged flies. Cliattopsis de- 
bilis (loew); and Srd-sragc larvae of ihe bl.uk cut- 
worm, Akrons ijmloii (Hul'nagcl) , t'nless otherwise 
specified, the tests were done utilising nickels as the 
test inset is I lie heptacllloi epoxiile used was 99.4'. 
pure. Tests were done io deteiutinc the toxicity ol 
hepiachlor epoxide to insects using direct-contact, 
residual-contact (glass surface), and soil applications. 
In soils, soil type, moisture, and tempera tit re were 
taken into consideration. Tests were also done to 
determine its volatility and persistence of biological 
at lis ii\" in soil. 

Assessment of ihc insccticidal activity of hcptachlor 
epoxide as a direct-contact insecticide was made using 
a 1'onei' spray tower. Hepiachlor was used as a 
standard insecticide to serve as a basis for comparison. 
Tests were conducted against crickets, Hies, and cut- 
worms. Following treatment the insects were plated 
in observation containers and held under controlled 
environmental conditions. 

Residual contact toxicity was assessed by applying 
the insecticide, dissolved in distilled, ehromalo- 
graphed (2:1 activated chare oaHloristl) n pemane. 
in microgram amounts to ihe bottom ol a 9tm glass 
peiri dish, following evaporation ol lite solvent. 
moisture and a source of luod were provided, the lest 
insects were introduced, and the dishes were covered 
and held under controlled environmental conditions. 
In all lests log dosage-probit lines were constructed. 

Activity of llie insecticide in soil was assessed 
by incorporating the insecticide, dissolved in dis- 
tilled, chroinatographcd n-pentane into the soil anil 
evaporating the solvent. The treated soils were 
weighed into containers, moisture ami food were 
provided, the test insects were introduced, and the 
containers were covered and placed at the required 
environmental conditions. Experiments on the influ- 
ence of soil type on insccticidal activity involved fi 
soil types: a I'lainficld sand, Beverly fine sandy 
loam, 2 samples ol Bookston clay, and 2 samples of 
muck containing different levels of organic matter. 
Preliminary screening tests were done using field- 
moist antt oven-dry samples ol sand and a muck 
containing 70% organic matter. More detailed lests 
were conducted in soils at field-moisture capacity- 
All soils were slightly acidic to neutral. Organic 
content ranged from 0.5 10 70%. Oilier character- 
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istics of die soils have been described (Harris 1066) . 
The impact ot soil moisture on biological activity 
ol heplachlor epoxide \^ .is assessed using the line 
s.mdv loam .it <j moisture levels: (1% (ovi'ii -dry) , \ r '< 
(air-dry), S.I, fi.2, !U, and VlM r 't water, The 
effect ol temperature on the biological activity of 
heplachlor epoxide in soil was determined using 2 
soil T\ pes: ihi- sandy loam containing and !*_''. 
water, and a muck containing 7U r ; organic matter 
and \b3'", water, in all tests die percent water was 
calculated on the basis ol the oven-dry weight of the 
soil. Following ireaiiiient and prior to introduction 
of the test insects the soils were preconditioned to the 
requited temperature let els ol la. 21. 27, and S3°C 
The toxicity ol insecticide vapors emanating front 
soil treated with heplachlor epoxide was measured by 
placing the test insects on a gauze screen suspended 
ll.S tin above the surface ol tire treated soil. lesfs 
on the tolatilitv ol hcptatldoi epoxide were con- 
ducted in relation to soil temperature, moisture, and 

ty pe. 

Persistence of biological activity of heptachlor 
epoxide in soil was determined using procedures out- 
lined elsewhere {Harris 1069). Heptachlor and diel 

dun iiTii used as siaiul-ii iK lor comparison. The sod 

type was a I'lainlield sand. The insecticide applica- 
tions applied were 2 x ibe approximate ii> l .~.. i.e., 
O.K. 0.6. and 1.2 ppni liu beptacutor epoxide hepta 
chlor, and diclchin. respectively. Soils were brought 
up to luld moist me capacity each week, and samples 

were removed at ialer\.ds up to I* weeks. 1 i >h 

were done under rent rotted environmental condi- 
tions. 

All icsis wcie conducted using enviroitnieiii.il cham- 
bers programmed to piuiide the conditions required; 
i.e. 27±1 < ■. 65±5 r i ku. and 2-1-hr photopcriod, un- 
less otherwise specified. Direct comae t toxicity tests 
with heplachlor and hept;tchlor epoxide were done 
using -I insecticide concentrations: 0.1M)1 . 0.01. 0.1. 
and l.0 f ,r solution, Preliminary tests comparing their 
activity in soil weie run using 5 insecticide conceit- 
trations: U.I. 0.5. I. 5. in ppni (based on oven-dry 
weight ol soil). Duplicate group of 10 insects were 
useil ai each concentration. Each test was repeated a 
2nd time, and die results were averaged. Correc- 
tions foi nit in 1 1 mortality were made (Abbotl 1925). 
In more detailed studies. log dosagi ptobil lines 
ui-if constructed using 5 S insecticide concentrations 
causing mortalities tanging from approximately 1"> to 
fKKr. Duplicate gioups ol 10 insects were used at 
each concent t.tl ion. Each assay was run S time-* and 



Tabic I.— Toxicity of liiplat him and luptarhlor epox- 
ide as comae I insecticides. 
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results were pooled prior to statistical analysis of the 
dosage-mortality data by computer. Controls, using 
the solvent treatment only, were run with all tesis. 

Results of lite direct contact toxicity tests are i\- 
pressed in percent solution, residual contact toxicity 
in micrograms, and sod treatments in ppni. 

/■(,',/ .S/m/te.c— These weie conducted using micro- 
plots, 11.9x2.2 in. em losed with Itlict'gl.is harriers set 
niter the soil to a depih of 2(1 cm. Six plots 
required utilizing .'! "soil types": 2 plots eaili ol 
I'l.miiic Id sand. muck, and a 1:1 (vol/vol) sancLinuik 
mixture. Organic contents weie 0.0, 51, and IdO', 

ie-,pei til civ. 1 he oiiginal -oil in tile uiii I o| ,|i il s u.is 

removed to a depth pi 20 cm and replaced with the 
test soils. Three ol the plots were idled with the un- 
treated sand. saiid:muik. and muik. the remaining 
3 plots with soil treated with heplachlor epoxide. 
The tteatments ucie applied by spraying batches of 
each soil type with an n formulation of heplachlor 
epoxide in a rotating cement rnixei (Harris and Sans 
1972). The level ol treatment was approximate!) 2 
ppni (based on oven-dry weight ,>f soil) . Following 
application ol the insecticide the treated soils were 
placed immediately in the tutcroplot I he sod w,,s 
treated during the last week ol May. "Long Nantes" 
taiiois weie planted. 'J rows 'plot, immediately after 
treatment. 

Soil samples were taken immediately before treat- 
ment, immediately after treatment, and at monthly 
intervals lor .'I months. In addition strata samples 
wen- taken in 5-cfTi sections to .i depth of SO cm 
alter treatment and 4 months later. Samples ol car- 
rot roots ami lops were taken foi analysis at harvest. 



Table '1.— Toxiiili oi heptachlor and licplarhlor epoxide to Ist-stagc cricket nymphs as soil insect icicles. 
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Tabic 3.— Iiifltmur of soil ivpe on the bioln^iml ann- 
us ol hepiai likn epoxide. 
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1 lie soil samples were split, with one part being used 
Jul iliinin.il iliu i nun. hi mis ( j| heplachlor epoxide 
residues, the teinaiudci lor bionssay ol iiismkiil.il 
activity. Details nl lecliniipies nl extraction, cleanup, 
and analysis ol iJic samples ii\ t.li. have been de- 
scribed (Harris mid Sam 1972! Sans 1967), Residues 

,ut: li-jniiii-il in |ipin li.ni.,1 lit oven-dry weight 

ol tin- .-.oil .mil fresh wcighi ol tin: crop. \ssays for 
biological activity ol the licpfachloi epoxide residues 
in the \ .u ii.ns soil types in H- done l>y exposing '*t- 
Io 48-hroid uiiki-is io i,n bcld-collcctcd samples 
using the bio.isviv ictiinitjiJcs and lomroljcd lahoia- 
lory conditions ju.t described. Kadi away was done 
in triplicate, .mil ihc experiment was repealed ,i I 
time. Results ol ihc '1 tcsls were averaged. 

RESULTS ami Dim i.ssiox, ■/ tlhiiialtn v Stttllirf.— In 
tests corn paring the toxicit) ol die epoxide to lupta- 
iliUu- as a direi i <nm. a i insecticide, the results ( I able 
1) indicated th.it ihc epoxide was .is effective as 
heptacldor agahtst flies and iiiliiuniu and more toxic 
io crickets. However, when incorporated into moist 
sandy loam the epoxide was t a. i ■, as loxii to crickets 
as heplachlor ( lablc L'K It was also less ellcctive in 
moist muck soil. I'.otli materials, however, would be 
classed as effective soil insecticides, Other studies 
(Harris and Mazurek 1964) have shown that part of 
the effectiveness ol aldrin and heplachlor in soil can 
lie attributed to ihc l.ut dial ihey art volatile and 
thus an a* both contact and fitmigant poisons. I tsis 
on the volatility of hepi.uliloi epoxide in soil indi- 
cated thai in moisi sandy loam it was suflicu ntlv vola- 
tile to cause fu origan I mortality, particularly as soil 
temperature increased. A concentration of O.fi ppm 
heplachlor epoxide in moist sandy loam caused 0% 
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Table 4.— Influence of temperature on the toxicity of 

lupi.uliloi epoxide as illicit tunlacl and residual lotuad 
(jjlass sutf.icc) apfilieaiionn. 



Kir. I — liillui Hie of soil inoisiiuc on the biological ac- 
tivil) of hepi.iililin epoxide in line sandy loam. 
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mortality at 15*, 57% al 21 , and 100% at 26 and 
S3°G in addition to being temperature dependent, 
volatility «.«s also related io soil moisture and type. 
In dr) sand) bam it was necessars, to increase the 

epoxide i iiiiietiti.iiion by a factor ol ">s io achievt! 
eijuhateiu fiunigani toxicity to ili.it olnainvd in tin 
sandy loam wiih a i om eniration <d 0.6 ppm. In 
moist mutk, sinid.ii fumij»aiii mortality was obtained 
at the \.iiiniis ieinpc-rauiie levels by increasing die 
epoxide concentration by fartoi ol 11. In its jiei 
forniaiice as a soil insecticide, lite hehavioi of hepta 
< trior epoxide more closely paralleled thai of dieldtin 
than aldrin and hcptachlor, i.e. both hepiadilor epox- 
ide and dieldiin were .is or more etlerlhc than 
aldrin and heptacldor as contact poisons. Inn less 
effective in soil, probably because they are Jess 
volatile. 

Tlic preliminary screening tests indicated that soil 
type iiilliu'iueil the biological .uiiwiy ol hcptachlor 
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Ftc. 2. — Influence of soil (einpeiaiurc on (he biological 
activity of hepiadilor epoxide in relation to soil moisture. 
and type. 
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epoxide. In muck soil as compared with the moist 
kind) loam, ii was U>^ cliectivc l>y a l.uuir of >20. 
Oilier simlies with tlic nclodietw: insecticides (Hurk- 
linrdt .mil I .ihcliild UlliVi Kdwards I9IH>; Harris 1900, 
]'M>1, l!)7*Ja. b) indicated, tltat, in moist soils, organic 
con i cm was the majoi (actor inllucncinR btoactivity. 
' 1 1 lis »vas the case also wirh heptachlor epoxide 
(Tabic :ii , Comparison of LB*, values obtained wiili 
moist sand .mil niutk containing 0.5 and 7fi r ; organic 
matter show i-»l thai lieptachlor epoxide was lis as 
effective in i lie- latter. When plotted graphically the 
relationship between organic content and the ls» 
was curvilinear, in contrast to other rendu obtained 
villi dieldrin (Harris l l J72a). and Minit.it to results 
obtained with Ut jji.h 1 1 J- n iH.iiris 19iiii) . 

The preliminary screening tests indicated also that 
soil moisture influenced die btoactivity or lieptachlor 
epoxide in milter. il soil (Table 2). More detailed 
si i n lit> wiili t he line sandy loam at ti moisture levels 
indicated that toxicity decreased with decreasing 
moisture il-'ig. 1). The in in soil containing I2'< 
it. net was n.25 ppui. in oven-dry sod ti was S.2I ppm, 
i.e. it was 'i.-i .is effective in dry soil T lie greatest 
effect of moisture on bioactiviry oicurrcd between 
and $#> water; above ihis level moisture content 
u,is ui minor importance, 

Other studies (Harris ,971 - 1972a. t>, have indi- 
cated thai ^nil tetnpei atitre aNo influences the bio- 
logical aitivitv ol orgaiiochloriuc insecticides in soil. 
Toxicity of the cyclodiene insecticides aldrin, diel- 
drin. lieptachlor, and chlordaue is positively corre- 
lated wiih soil temperature, while that of 1)1)1 is 



negatively correlated. Tests with heptachlor epoxide 
indicated that its behavior in relation to tempera- 
ture is similar to that ol the other cyclodiene insn- 
titnlts. As a d.reci contact insecticide to* values at 
the I temperatures used did not dilfer significantly 
(Table I). indicating that within ■ lie range tested, 
temperature was not a factor iniluciicing dmti- 
contacl toxicity, These results wen similar to data 
previously obtained with aldrin and lieptachlor bill 
not with dieldrin which was twice as toxic at .S3 as 
at !■:>*( when applied as a direi t tmii.tt i insecticide. 
When applied as a resklual-rontaci insecticide on n 
glass surface, heptachlor epoxide was twice .is io\n 
at S.'i as at 15*C. When compared v>*itl) earlier data, 
iis :uiiiit\ as a residual-contact insecticide was intei- 
mediae between aldrin and heptachlor on one hand 
and dieldrin cm the other. It has been suggested 
(Harris 11)71) that increasing toxicity with increasing 
temperature when an insecticide is applied as a 
residual contact poison can probably be- associated 
with increased mobility ol the test insects with higher 
temperature and wiili increasing volatility, Siitct 
heptachlor epoxide appeals to be intermediate in 
volatility between aldrin heptachlor ami dieldrin, 
these results tan be explained on this basis. In soils 
the filed of temperature on bio.it tit ity ol boptacllloi 
epoxide was more pronounced and was positively 
correlated with temperature (Fig 2). The effect was 
least obvious in moist soils where toxicity increased 
3k2 and .1.1 limes in nioisl sandy loam and muck 
respetlivelv between la and 3,'i '(.. In the diy min- 
eral soil, ii was 21.5 X more effective at S3 than at 
Ii I When compared with earlier results, it is ,i|i 
parent that tin ellet t of soil temperature on dn 
biological activity of heptachlor is intermediate be 
iwecn aldrin-hcptathlor on one hand and dieldrin 
on the oilier, with dii hliiu being the iuseeiicide most 

strongly influenced by soil temperature. Possible In 
tuis involved in the effects shown liv temperature on 
insecticide activity in soil have bei u disiussed tdsi 
where (Harris 1971) . 

Comparative icvis on the persislente of biological 
activity ol heptachlor. heptachlor epoxide, and die! 
chin in I'lainlteld sand maintained at 27±I°C 
showed that the heptachlor was U ss persistent th in 
the epoxide (fig- .1) . With heptachlor, liitdcjgic.il 
activity is i- nil after IG weeks, while with the epox- 
ide Its weeks were required to obtain a response 
However, when compared with the data obtained 
with dieldrin it would appear that heptachlor epox- 
ide is slightly less persistent in soil than dieldrin. 

Field Slinlii'f.— These studies were sit up witli 2 
objectives, l'iisl, the lahoialuc'v studies indicated that 
the major factor influencing the biological activity ol 
heptachlor epoxide was soil type, specifically the 
organic content in nioisl soils. Second, previous 
studies with dieldrin (Harris ami Sans 1972) had 
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Tabic 5.— Residues (ppm) of hcpiae lilor epoxide in soil anil ill carrot roois and tops. 
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Tablr 6.— Vertical distribution of heptachlor epoxide 
(ppm) in treated soil" and untreated subsoil. 
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indicated (hat both insect i< iil.tl activity in soils and 
uptake by plants were piopoitional to t lie organic 
content of ilie soil, mid it seemed probable that 
heptachlor epoxide would respond similarly, Analv- 
sis of the pretreaimeiit sod samples showed that no 
heptachlor epoxide was present in lite soils prior to 
application oi (he EC formulation (Table :*>) . Iti 
addition, no residues were delected in the if con 
trol plots or on the (.mots grown in those plots 
throughout the growing season. Following applica- 
tion ol [lie EC, analysis ol the initial soil samples 
taken immediately alter treatment indicated residue 
levels ranging from IM to 2.1 ppm. The residue 
lewis did not decrease significantly throughout the 
summer. 

Vertical movement of heptachlor epoxide through 
the soil ptohle was iiniiiiii.il ( [able G) . The soil 
had bi-en treated to a depth ol IS cm. and 4 months 
after treatment between !I7 and !W; of the in- 
secticide recovered was in the lop 1 .Vcm layer. The 
results also indicated that organic content of the 
soil was a limiting factor in that while limited 
leaching ol the heptachlor epoxide occulted in the 
sand. Mini. ills no movement occurred Iroin the 
iund:muck and muck soils to the subsoil. 

.As expected, on the basis of the laboratory results, 
the inseclicidal activity ol heplachloi epoxide in the 
microplots was influenced also lis soil organic con- 
tent. In the vmtl containing <>:>'', organic matter, 
the initial treatment ol approximated '_' ppm re- 
sulted in l<i(i<; ni,i,i mortality at all sampling in- 
tends ii hen the samples were bioassayed in the 
laboratory. By contrast, in the sand:muck mix con- 
taining lii.ii', organic matter, mortality (IU/5-) oc- 
curred in only I ol I samples taken dining the 
growing season, while no mortality occurred in any 
of the mitt k assays. 

Absorption of heptachlor epoxide residues from 
the soil b\ i, mots was also dependent on soil type 
(Table .">i. \llhough the ii soils had ca, the same 
residue level, residues in carrots gtown in the sand 
were ca. I'll times those grown in the sandmuuk mix 
and >(ifl times ihose found in carrots grown in the 
muck soil containing 3l'*i organic matter. Residues 
in the cinot tops were also inversely proportional 
to the organic content ..I tin -ml. lleall ami Nash 
(1969) also repotted thai, in greenhouse expeti- 
incnts. organic coiilcm ol the soil had the greatest 
negative influence on uptake of some organocliloriiie 
insecticides In seedlings 

The results obtained in the field studv with 
heptachlor epoxide closely parallel data previously 



■ UJ 

3 i? I 5 



100 



a 
o 



BO 



£ 60 

LaJ 

CE 

8 40 



S 20 



v 







MSECTlcio; ir T iv; T v 




059 



0-4 S 



RESIDUE'S IN CARROTS 



10 20 30 40 

% ORGANIC MATTER 



=M 



5 



02 



50 



Fig. -4. — Influence of soil organic content on the insect i- 
cidat activity of heptachlor epoxide and us absorption I--. 
carrots. 



obtained with dicldrin (Harris and Sans 1972) and 
can be best summarized graphically (I'ig- 41. When 
heptachlor epoxide levels found in the -1 soil samples 
taken over the grossing season weie averaged for 
each soil type, the ,'i average values were between 
1.9 and 2.1 ppm. However, it was only in the sand 
containing V.9 r ,h organic matter that the insecticide 
was inscuicid.iliv active and that canots absorbed 
significant amounts of insecticide residue, in the 
soils containing higher leiels of organic matter the 
insecticide was adsorbed and inactivated by the soil 
and thus was not available inseclicidally (Fig. T) , for 
absorption by crops (Fig. -1). or for vertical move- 
ment down through the soil profile (fable to. The 
significance of these results lias been discussed else- 
where (Harris and Sans 1972) . 
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Factors Influencing the Biological Activity of Technical 
Chlordane and Some Related Components in Soil 1 

C R. H*KR1S= 

Research Institute, Canada Department of Agriculture, London 72, Ontario 

ABSTRACT 



A stud) was conducted to determine the factors moder- 
ating the inseclicidal activity of technical chlordane in 
soil. Direct-contact toxicity tests indicated that chlordane, 
while effective a- a contact insecticide, was less toxic than 
aid rin or diazimm lo 21- to 48-hr-okl crickets, Grylitu 
pennsvyivanicut (Burmeister) , and adult picture-winged 
Hies, Chaeiopsii ilebiiis (Loew), Both chlordane and aldiin 
were ineffective against Srd-stage larvae of the darksided 
lutworm, Euxoti niessoiia (Hairis) . Soil type was the 
major factor influencing the biological activity of chlor- 
dane, and in moist soils toxicity was negatively correlated 
with organic content. Soil moisture was a factor of sec- 
ondary importance. Bioactivity was positively correlated 
with temperature, but in moist mineral soil it was a fac- 
lor of secondary importance. However, in dry mineral 



soil temperature had a marked influence on toxicity. 
Studies on activity of some of the components and/or 
metabolites of technical chloidane indicated that, as con- 
tact poisons against crickets and Hies, the order of toxicity 
was hcptatldoi>gamma chlordane = alpha chlordane = 
technical chlordane>noiiachloi>chlordene>l-hydroxydUor- 
dejic>hexachloiocyclapeiitadicue. In moist mineral soil 
the order was heptachlor>chlordaiie = gamma -ihk>ulane> 
>alpha-chlordane>nonachlor>chlordene>l-liydroxycldor- 
dene. Soil tyj>e and moisture influenced the activity of 
the insecticidally active components. Studies on the per- 
sistence of biological activity indicated that in I'lainueld 
sand, nonachlor. alpha-, and gamma chlordane were as 
persistent as dieldiiu, while heplachlor, technical chlor- 
dane, and chlordene were similar in persistence to aldrin. 



In recent years because of severe restrictions or 
outright bans on the use of the common organo- 
thlorine insecticides such as DDT, aldrin, and hep 
tachlor, chlordane has been used more extensively 
than previously for soil-insect control. It has been 
pointed out in previous papers (Harris 1972, Harris 
and Sans 1972) chat to achieve maximum soil insect 
control with a minimum amount of insecticide, it 
will be necessary to obtain information on the specific 
behavior of an insecticide in relation to soil and 
climatic factors. A considerable amount of informa- 
tion has been published on the factors influencing 
the biological activity of several of the common 
organochlorine insecticides in soil (reviewed by Ed- 
wards 1966, H.irris 1972). Much less is known about 



1 Contribution no. 477, Research Institute. Canada Department 
of Agruuliurc, London 72, Ontario. Received for publication 
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3 The author ai knowledges the technical assistance of J. L. 
lliichoii. P. Core, \V. VV. Sans, and Mrs. S. I urnbull. Samples of 
the various compounds were provided by the Vclsicol Chemical 
Corp. 



the behavior of chlordane in soil. Most of the work 
done has been in relation to control of the Japanese 
beetle, I'opilha japonic/) Newman, and the European 
ciiafer, Ampkimauon majttlis (Ra/oumowsky) (Flem- 
ing 1947, Gambrel! et al. 1968). Residue studies re- 
lated to these and other investigations have indicated 
that chlordane is intermediate in persistence between 
DDT and clieldrin on one hand and aldrin and hep- 
tachlor on the other (Bess and Hytin 1970, Lichten- 
stein and Polivka 1959, Onsager et al. 1970, Wiese 
and Basson 1966). Edwards (1966) estimated the 
average time for <ib r /o disappearance of chlordane ap- 
plied at 1-2 lbs Al/acre as 4 years, compared with 
aldrin at 3, dieldrin at 8, and DDT at 10 years. Nash 
and Woolson (1967), working under conditions 
which would have been such that the upper limit 
persistence of soil insecticides would be expected, 
determined tire half-life of chlordane to he 8 years, 
They found also (Nash and Woolson 1968) that 
chlordane was one of the least mobile of the organo- 
chlorine insecticides and that very little vertical 
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movement occurred below ihc cultivated layer. Less 
is known about tin: factors influencing die biological 
activity ol chlordane in mil. However, Fleming aud 
his colleagues (Fleming I'HH, Fleming el at 1962) 
established that soil temperature allceicd the "veloc- 
ity of insecticidal action" of clilordane, and iliat or- 
ganic content of tbc soil was a [actor influencing bio- 
activity. Wiese (1964) found tliat clilordane became 
progressively less effective upon applications to soils 
with increasing day content. It was the objective of 
tin presem stud) to further clarify the factors influ 
encing the biological activity of technical chlordane 
in soil. 

Methods and Maiikius — Procedures used have 
been described in detail in previous reports (Harris 
1969, 1971, 1972) and tints are described only briefly 
here, Test insects included 2-1- to IS In old crickets, 
Gryltus pcHnsylvanictts (Burmeistcr) : adult picture- 
winged Hies, Chactopsii drinlis (l.ncw) ; and Sitlstage 
larvae of the d.irksided cutworm, Euxoa mestaria 
(Harris). Unless otherwise s|>ccincd the tests were 
done using crickets as thi test insects. 

Tests were conducted to determine the biological 
activity ol i< .-lereucc-giade technical chlordane ill soil 
and ol some ol us idc unliable components aud me- 
tabolites. GIX analysis indicated dial the sample of 
reference-grade chlordane contained 21 components 
which responded on the electron capture detector. 
ol these, :J were identified and quantitated: hepta- 
chlor 8.46%, alpha chlotdane X.:i\l r '< , and gamma- 
chlordane mi M- : . These .'i compounds therefore 
comprised 27.589! of the sample of reference-grade 
chlordane. These results were at variance with other 
data oil the composition of technical chlordane. 
Spencer (1968) listed the composition of technical 
chlordane as consisting of "60-7551 ol the isomers ol 
chlordane and 25—40$ related compounds." while 
the Velsicol Corporation Standard for Technical 
Chlordane lists the approximate concentration of «- 
chlordane as l*)±3 r ; , 7 chlordane as 24±2%. and hep 
lachlor as HtitSTr. However, analysis ol 2 other 
samples of chlordane available .u this laboratory, a 
reference-grade sample obtained in I u a7 and an EC 
purchased in 1966, gave results similar to [hose ob 
laincd with the I96S reference grade sample used in 
these tests. In addition to these S components tests 
were conducted also on other known components of 
teihnii.il chlordane, including nonaihlor, chlordcuc, 
and hcKachlorocyclopentadieiie, as well as mi l-hy- 
droxychlorilcne which is a metabolite of heptachlor, 

atid neptachor epoxide in both soil and watet (liar 
ter and Stringer l»7<t: Miles et al. 19u9. 1(171). 

A 1'olter spray tower was used 10 assess tin- contact 
loxieitv ol technical chlordane; aldrin and dia/inon 
were tested as standards tot comparison. Tests were 
conducted against crickets, Hits, and cutworms. Similar 
tests were conducted with the individual components 
and metabolites, using nickels as the test insects. 
Following treatment the insects weie placed in ob- 
servation containers and held under controlled con- 
ditions of icniperaiuie, humidity, aud photopetiod. 

Prclimin.nv assessments ol the activity of technical 
chlordane in soil were made by incorporating into 
the soil the insecticide, dissolved in distilled, throma- 
tographed n-peuiaue, and evaporating the solvent. 
The treated soils were weighed into containers, mois- 
ture aud food provided, test insects introduced, con- 
tainers covered, and placed at the required environ 
mental conditions. The preliminary tests were con- 
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dinted using a Beverly line sandy loam (0 and 1 2*7, 
water <W) j and a muck (127% W) . Aldrin ami 
dia/inon were used as standards to provide a basis 
for comparison. Similar tests were done with the 
individual components and metabolites using tech- 
nical chlordane as a standard insecticide. Crickets 
ware used as the test insects 111 all soil experiments. 
The volatility of technical chlordane was assessed 
by measuring the fumigant cflect to crickets placed 
on a gati/c screen suspended 0.5 cm above the sul- 
fate ol a treated sandy loam, Aldim and dia/inon 
were used as standard insecticides. The insecticide 
concentrations applied to the sod were those deter- 
mined to be tlie approximate in,,,, when the insects 
were placed directly on 1 tie soil. 

In more detailed studies on the effects of soil type. 
moisture, and tempciatiuc on the biological activity 
of technical chlordane in soil, log dosage-probit lines 
were determined. Studies on the influence ol soil 
tv pe on biological activity were done using soils at 
the approximate held moisture capacity. Six soil 
tv pes weie used: a I'l.iinlicld sand, Beverly line san 1. 
loam. 2 samples ol Hiookston clay, and 2 samples of 
muck containing different levels of organic matter. 
Soil /jH tanged from 6.7 to 7.!), while organic: con- 
tent ranged from (1.5 to 64.6%, Oilier characteristics 
of the soils have been described (Harris l!it>i<). In 
addition, to provide a mote suitable range ol soil 
organic content, -1 mixtures ol soil were prepared, 
combining the sand with the muck highest in organic 
content in ratios (by volume) of 2:1, 1:1, 1:2, and 
1:8. The impact of soil moisture cm the biological 
activity ol technical chlordane was assessed using 
the hue sandy loam al t- moisture levels: 0. 1, 3, 6, 
9. and 12.5% water, llie effect of temperature on 

biological activity also was assessed using the fine 

sandy loam which was preconditioned after treatment, 
for 1 hr, to obtain the required temperatures of 15, 
21, 27. and 38°(... Tests were done at 2 moisture 
levels, n and 12.35! water. 

Tests to determine the persistence of biological 
activity of technical chlordane and 5 of the com- 
ponents and or metabolites were conducted using 
the procedures described elsewhere (llaitis 1969) . 
Dieldtiti, aldrin, and dia/inon weie used as statu!. mis 
for comparison. T be suil t v pe was a I'l.iinlicld sand. 



Tabic I.— Direct-contact toxicity of chlordane, aldrin 
and dia/itiou to > insect species. 
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Tabic 2.— Toxicity of chkndjiic, aldrin, and diazinon as soil insecticide* (crickets), 
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1 lie insecticide concentrations used were 2 X the 
approximate 1 1> ; ,,,; i.e. nonachlor 13, o-chlordane, S; 
-, (him il.iiu . 1: hcptaclilor, 0,6: techoical chlordane, 
3; ihloidcnv. Hi; cliclclrin I--; aldrin, O.ii; ami dia/i 
noti t ppm respectively. Soils were brought up to 
field capacity each week, and samples were removed 
ai intervals up to 48 weeks. All tests, were done 
nuclei controlled laboratory conditions. 

All tests were Gondii (led using environmental 
chambers programmed to provide 27±1°C, 6i±5% 
nil, and 21 In photopenic!, unless otherwise specified. 
Direct-contact toxicity tests were done using I insec- 
ticide concentrations: O.OOi, 0.01. 0.1, and 1.0% solu- 
lion. Preliminary screening tests comparing activity 
in soil were done using a wide range ol N concen- 
trations: 1)1. 0.5. 1, 5. 10, 50, 11)0. and 500 ppm 
(based on oven dry weight of soil). Duplicate groups 
of 10 insects were used at each concentration. Each 
lest was repeated a 2nd lime, and the results were 
averaged, Corrections foi natural mortality were 
made (Abboil 11*25) . Iii the more detailed studies, 
log dosage-probit lines were determined using 5 8 
insecticide concentrations causing mortalities ranging 
in, hi ca 15 to On'';. Duplicate groups oi 10 insects 
weie used ii each concentration. Each assay was run 
:i iiiius, and results wen pooled prior to sf.nistical 
analysis ol the dosage-mortality data l>v computer. 
Controls using the solvent treatment only were run 
with each test. 

Rrst t is ami Discission— Tests on the direct-con- 
tact tovicity ot mhnical ililordane indicated that it 
was approximately 'in -' s effective as aldrin and dia- 
/inon against both crickets and Hies (Cable I). It 
was inetfectivc when applied to larvae ol the dark- 
sided cutworm, as was aldrin. while clia/mon caused 
mortality at the \% concentration, similar results 

were obtained in an earlier stud) (Harris and Svcc 
1970) which indicated iii.it larvae of the darksided 
cutworm weie tolerant 10 aldrin and chlordane when 
applied ai soil and foliage applications. When ill 
corpora led into the moist sandy loam chlordane was 
«•;, as toxic as diazinon and h« as effective as aldrin 
{Table 2). Ai the concentrations at which tftey were 
active all S materials would be tlassed as elletlivc 
soil insecticides. I he tests on fumigant activity indi- 
rated thai chlordane vypoii/cd to a considerable ex- 
tent. A concentration ol 5 ppm in soil caused HH) r '; 
mortality of the test insects suspended above the soil 



sulfate in IN fir. Aldrin and dia/inon weie also 
volatile, with U.'i ppm aldrin and I ppm diazinon 
in muI causing 35 and T.v; mortality respectively in 

the s line period. 

The preliminary screening lesis , Table 2) indi- 
cated also that soil type was of majoi importance in 
moderating the biological activity ol chlordane. In 
mink soil, chlordane was approximately ' ,,. as effec- 
tive as in ihc sandy loam Aldrin wai inactivated to 
a similar extent, while diazinon was approximately 
! I..,, as effective, indicating that it was more strongly 
adsorbed in the muck soil than either ol tlie ivdu- 
dime insecticides. The more detailed studies oil the 
elleti ol soil type on the biological activity ol chlor- 
dane indicated that, in moist soil, toxicity was nega- 

inch loiul.ited with organic (onlem ol tin soil 
(lalsh' :•', - In the moist f'l.iiuhcld sand containing 
org. inn mailer, the it)., was t). I(> ppm. In the 
moist uuitk containing tvi.W", organic matter, the 
iii . was IS. 82 ppm, a (actor of HI.*), When (dolled 
graphitallv lite icl.ilioin.hip between toxicity and O) 
ganit coot' m appeared to be linear. I he 1 combi 
nations ol Ml id: muck (ell fairly well in line with the 
results obtained with die - soils containing high 
levels ol <l, iv, thus indie. itiiii: that in moist soils, clay 
content is ol minor iinpoitame as a lac lot itdliiem 
iilg the biological activiiv ol nonpol.it lyclodienc 
inset tic ides. Other studies, however, have demon- 



Table 3-— Influent* of soil type on die biological nr- 
imh ill technical chlordane (crickets). 
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Table 1 .-Influent < of soil moisture in a s.iruly loam Table S.-Iiifluence of soil temperature on ihe bio- 

on the biological activity ol ledmkal chlordane (crick- logical activity of technical tliluielaiie in a sanely loam 
«4). (crickets). 
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straicd that when soil moisture levels are low, day 
content can l«e a major [actor in tin' inaciivation ol 
the cyclodieue insecticides in soil (Harris 1966, 
1972). The results obtained in the soil-type studies 
indicated that the influence of soil type on the toxic- 
ity of chlordane doselj paralleled results previously 
obi lined with dieldriu (Harris 1972) . 

Ihe preliminary screening tests (Table -I indi- 
cated also that moisture was a [actor influencing 
the toxicity ol tiilonl.ine in soil, in that ii wns ap- 
proximately i -, as effective in the dry as compared 
to tin- moist soil. By contrast, aldrin was approxi- 
mately 'in as cflcclive. anil diannoii Vino as effective, 
thus indicating that moisture was of less importance 
to the activity ol chlordane in soils than the other 2 
materials. More detailed studies using the sandy loam 
indicated that chlordane was less effective in the dry 
v>il .iv compared with the moist soil by a factor ol 
5.3 (Table 4). The greatest portion ol this died 
on lined between H and 3' • water; above this level, 
differences in the 1 l>>. values were ol little conse- 
quence Comparison of these results with earlier 
studies on the same soil ispe and under the sinic 
conditions (Harris 19G6. 1971. I°7'2; Harris and Sam 
1972) indicated ili.it with the common orgauodllo- 
tine soil insecticides, soil moisture had the greatest 
effeel on dieldrin ■ l>l>l ■ heptachlor epoxide — 
heptacldor v - aldiin > chlordane. 

Previous studies have shown that aldrin, hepta- 
chlor, lirptaclllor epoxide, and dieldrin were less 
effective in thv mineral soil at 15 as compared with 
»3'C b\ factors ol 12.9, 1-1.7, 21.5, and 2u.2 (Harris 
1971, 1972), whereas the present study showed chlor- 
dane to be less effective in dry mineral soil by a 
factor ol 133 fl able 5) . Thus in dry mineral soil the 
temperature effeci on the biological activity ol chlor 
tlane is in nth more pronounced than with ihe other 
cyclodienc insecticides. In moist sandy soil chlordane 
was Jess to\ic at the lower temperature by a factor 
of 3.9, and the previous studies with the other cydo 
diene insecticides have shown that toxicity is also 
positive!) (.undated with temperature bin to a lesser 
degree than in di\ soils. Ihe relation to activity 
showed a trradicnl of: dieldrin = dtlordune - hepta- 
chlor epoxide > aldrin > heptachlor. 

Since ihe biological activity of technical chlordane 
in s.hI represents ihe joim action of its various inset 
denial components, it was ol interest to determine 
the activity ol these i (impounds both as direct ton 
tact and soil insecticides. Results ol the direct-con- 
lact-toxicity tests (Table 6) indicated that hepta- 
chlor was ca. 10 X more loxtt than chlordane to 
both crickets and llu-s. Gamma- and alpha chlordane 
were slight!) more effective against both species ol 
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insects than technical dtlordanc, while nonachlor 
was slightly less effective, Hexachlorocydopentadietie 
was nontoxic at the concentrations tested. The rt 
suits obtained with chlordene and 1 hydroxychloi 
dene were of interest, since it has been shown in in 
vitro studies that soil microorganisms can degrade 
heptachlor and heptachlor epoxide to either thloi 
dene or l-hydroxydilordene (Miles el al. 1909, 1971). 
These present results indicated that both rhlo 
and 1 -hydroxy chlordene were ca. 'n, as toxic insect i 
liilallv as technical chlordane and 'ion as toxic as 
heptat hlor. 

In mohl sandy loam heptachlor was ca. 10x as 
effective, gamma-ditordaiic equiioxic, and alpha 
chlordane slightly less toxic than technical chlordane 
(Tabic 7), Nonaditoi and chlordene were m. 'v 
as loxit, while I livdioxydilordcni- was nontoxic CVCtl 
when applied to (he sod at the rale of 5(H) ppm. As 
would l>e expected, on the basis of the data obtained 
.vith technical chlordane, both soil moisture an. I 
type influenced the toxicity of the various compo- 
nents (Table 7). Comparison of ihe results obtained 



Table fi.— Direct contact toxic i(\ of technical chlor- 
dane-, .uul smile of its individual components 10 21— tH In 
crickets ami flies. 
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Table 7.— Actbiiy of technical chlurdane ami some of its individual components as soil insec i it ides (cricket*). 
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on moist and tliv sandy iu.tui indicated that technical 
chlordane has less effective in the dry soil by ;t 
iactor of 5. heptachlor, chlotilem', and nonachlor by 
I actors of 10. and gamma and alpha-chlordane by 
factors of approximately 50. I-Hydroxychlordene was 
ineffective in dry mineral soil at 500 ppm. The soil 
type tests indicated ili.it technical chlordane was less 
effective in muck soil as coinpaicd with sandy loam 
U) a tactoi ill In. This was lite case also with the 
other materials, with the exception of the I hydroxy- 
ihlordcne which was ineffective even at 500 ppm. 

The tests on persistence ol biological activity were 
done using I'l. oilfield sand. Diehhiu. aldrin, and 
dia/iiion were used as standard insecticides, since 
thev may l>e classed as highly, moderately, and slight!) 
persistent, respectively. The results ol the tests on 
technical chlordane and its components indicated 
that nonachlor. alpha-chlordane, and gamma-chlor- 
dune were similar in persistence ol biological activity 
lo dieldrin, i.e highly residual in soil (Fig. I) . When 
compared with earlier data (Harris and Sans 1972), 
alpha and gamma chlordane appeared to he more 
pcisisteut in soil than heptacliloi epoxide. Ilepta- 
chlor, technical chlordane, and chlordene were sitni 
I. n to aldrin in that biological activity disappeared 
within '_M weeks Inflowing treatment, i.e. they were 
inoderatelv rcsidn.il compounds. It should be noted 
lh.it by using a soil low in organic matter and cl.is 
minerals the data obtained represent minimum per- 
sistence values. In heavy mineral soils, or in soils 
containing higher levels of organic matter, the per- 
sistence of the chemical per sc uould he proportion- 
ately longer. At the same lime, it is unlikely thai 
such residues would be biologically active. 

It has been noted here that CLC analysis of llic 
sample of reference-grade technical chlordane imli- 
caied that the 3 major inscc tiiidal components, liep- 



iathlor, Q-chlordane, and 7 chlordane, comprised 
27. 58% of the sample and were present in ca. equal 
amounts. As a coniaci poison (Table G), heuta- 
< liinr was ca. 10 x as toxic to crickets as either 
technical, a-, or r-chlordanc. Considering that the 
compounds were present in approximately the same 
amounts, il would appear that the activity of the 
mimical chlordane as a contact poison was due pii- 
marily to the presence of 8.. r >9'"i heptachlor in the 
simple. I his conclusion is further substantiated by 
tin data obtained in soil (Table 7). Heptachlor was 
again ca. 10 X as toxic as cither technical «-, or 7- 
cliloiclane in moisi sandy lo.mt, and the 9 last-men- 
tioned materials were nil toxic at ca. 1 ppm. Con- 
sidering the composition of technical cliloiclane, soil 
treated .u f ppm would contain 0.085 ppm hepta- 
cliloi. (i.OSj ppm i.-c hlordane, and 0.105 ppm 7- 
chlordane. From tlic data given in Table 7, it is 
apparent thai while 0.QR5 ppm heptacliloi would 
be close to the concentration of 0.1 ppm which 
caused insect mortality in soil, the a- and 7 chlordane 
concentrations would be ca. I'm the level required 
to kill. The data on persistence ol biological utiiiiy 
(Fig. 1) ;dso support the conclusion that the iusc t 
ticidal activity ol technical chlordane is due primarily 
to die presence ol heptachlor, Both heptachlor and 
technical chlordane were classed as model itcly per- 
sisieiu compounds, while ar- and 7-thlonLuie were 
highly persistent. If the latter 2 compounds were 
contributing significantly to the insect icida I activity 
of technical chlordane, the persistence enrves would 
have been intermediate between heptachlor on one 
hand and ar- and 7 chlordane on the other. While the 
toxicity ol technical chlordane will be dependent on 
the combined actions of these 3 compounds, it is ap- 
parent that the 8,5% heptachlor content is largely 

responsible lot its insecticiil.il action. 



:;;i. 



Journal <>i Economic Emomolocv 



Vol. 6i,no.2 



I 



MODERATELY RESIDUAL INSECTICIDES 




HIGHLY RESIDUAL INSECTICIDES 
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SLIGHTLY RESIDUAL INSECTICIDES 
DIAZINON 



4 8 12 16 20 24 28 32 36 40 44 48 
WEEKS AFTER TREATMENT 

Fir. I— Persistence ol biological activity nmln controlled laborators conditions of technical chlordam- and 
Mm- ol it* individual umitwncnts ill I'laiuMd sand, as compared nith aklrin, diekiriit, .ind diaiiiion (crickets) . 
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Insecticide Residues in Soils on 16 Farms in Southwestern Ontario — 1964, 1966, and 1969* 
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ABSTRACT 

A study was conducted on 16 farms in southwestern Ontario 
during 1964, 1966, and 1969 to determine the extent to 
which residues of insecticides were accumulating in agricul- 
tural soils as a result of current insect control practices. 
Residues of organochiorine insecticides were determined by 
gas liquid chromatography (GLC). while those of the organo- 
phosphorus insecticides were determined qualitatively by non- 
specific enzymatic analysis and quantitatively by GLC where 
possible. Residues of the organochtorine insecticides were 
present in soils on all 16 farms in 1964. 1966. and 1969. 
DDT/DDE/DDD occurred on all farms, aldrin/dieldrin on 
14 of 16. and hfptachlor/heplachior epoxide/ y-chlordane on 
6 farms. Other organochiorine insecticides detected included 
dicofol in orchards, endrin, trace amounts of lindane, and 
endosulfan. Highest average residue levels of the organo- 
chtorine insecticides were present in orchard > vegetable > 
tobaaco > field crop soils The use pattern indicated thai the 
organochiorine insecticides were used almost exclusively be- 
tween 1961 and 1964, but that the organophosphorus insecti- 
cides received increased use from 1965-1969, Residues of the 
organochiorine insecticides in soil appeared to be consistent 
with the use pattern in that they were highest in 1966 and 
declined by 1969 to levels similar to those found in 1964. 
Preliminary data indicated that the trend to extensive use of 
the organophosphorus insecticides is resulting in the presence 
of residues of some of these materials in vegetable soils. 

Introduction 

For over 2 decades, the organochiorine insecticides have 
been used extensively to control insects attacking agri- 
cultural crops. While these materials have proved to be 
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highly effective against both soil and foliar insects, some 
are persistent, and residues of these compounds or their 
metabolites are known to accumulate in soils (/). In 
Canada, DDT has been used extensively since it became 
available, and since soil insects have been a particularly 
serious problem, the cyclodiene insecticides were also 
used extensively between 1954 and 1960 but at a de- 
creasing rate since that time. 

Some areas of the country, e.g., the Prairie Provinces, 
have received large scale applications of pesticides, but 
at irregular intervals and at relatively low rates of ap- 
plication. By contrast, in southwestern Ontario, an area 
of intensive agriculture with a broad spectrum of soil 
types and high value cash crops, pesticides are applied 
regularly in concentrated areas at relatively high rates. 
A study in 1964 (7) on 31 farms in southwestern Ontario 
indicated that residues of the organochiorine insecticides 
were present in nearly all soils with the most common 
being- technical DDT and its metabolites DDE and 
DDD>aldrin/dieldrin>heptachlor/heptachlor epoxide/ 
y-chlordane>endrin. The highest residues were found 
in orchard > vegetable >tobacco> other field crop soils. 
The study was continued through 1969 on 16 of the 
original 31 farms to determine to what extent insecticide 
residues were accumulating in agricultural soils as a re- 
sult of the insect control practices during that lime. 
This report summarizes the data obtained on the per- 
sistence of organochiorine insecticides in soils on these 
16 farms for 1964, 1966, and '969 and also provides 
some preliminary data on the occurrence in soils of 
some organophosphorus insecticides used as replace- 
ments for DDT and the cyclodiene insecticides. 
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Methods and Materials 

The 16 farms selected for the study were in areas of 
very intensive agriculture requiring extensive use of 
insecticides. Cure was taken to select cooperators who 
would adhere closely to the registered or recommended 
uses of insecticides Crops included fruit, tobacco, and 
a wide range of vegetable and field crops. Soil type varied 
considerably, with orchards on sandy 10 clay loam, 
tobacco on sand to sandy loam, vegetables on sandy 
loam or muck, and field crops on sandy loam or heavier 
mineral soils (Table I). Each cooperator was inter- 
viewed, and as much as possible, a 10-year history of 
cropping practices and insecticide treatments was ob- 
tained (Table It. While such data serve as a useful guide- 
line, experience has shown that information obtained 
in this manner is often erroneous particularly with re- 
gard to insecticide use. After initiation of the study in 
1964, the cooperators were asked to keep more accurate 
records of insecticide use. and thus the 1965-69 data 
arc more representative of use patterns than the pre- 
1964 data. 

SAMPLING PROCEDURES 

Soil samples were collected in 1964 1966. and 1969. 
Each sampling site, comprising an area ol approximately 
5 acres within a field, was mapped out by measurement 
from permanent landmarks in order to assure returning 
to the exact site in ensuing years Five subareas were 
sampled within the 5-acrc site The subareas. which 
were 4 feet square, were placed di.igon.ilU to the perim- 
eter of the field Twenty-five 6- by 1- inch cores were 
taken from each subarca; the cores trom all subareas 
were pooled in order to obtain a representative sample 
of the field The pooled sample lappiosimately 10 lb 
of soil) was sealed in a plas ic bag and refrigerated at 
2°C. In orchards, samples were taken both hetween and 
under the trees and analyzed separately, hut for the 
purposes of this study the results have been averaged 
Samples were taken in October and November of each 
year. During the course of the study, two farms ceased 
to be used for agriculture (Table I). Farm No. 9 be- 
came part of a housing development in 1967 and there- 
fore was not sampled in 1969. Farm No. 15 was con- 
verted to a municipal park in 1968. however, samples 
were collected from the park in 1969 

ANALYTICAL PROCEDURES 

The procedures for extraction, fractionation, and an- 
alysis were designed primarily for the organochlorine 
insecticides Although data are also presented on or- 
ganophosphonis insecticide residues in soil, it should 
be noted that subsequent experience has indicated that 
these procedures are not adequate for some organo- 
phosphorus insecticides therefore, the data on these 
compounds should not be considered complete. 



Insecticide residues were extracted from the soil within 
a few days of sampling. Two hundred milliliters ol dis- 
tilled acetone was added to 200 g of moist soil (water 
content adjusted to approximately 50 r r field moisture 
capacity) in 16-oz screw cap bottles. The bottles were 
swirled to obtain good distribution of the acetone:soil 
mixture, and 200 ml of distilled petroleum ether or 
hexane was added. The bottles were capped and tumbled 
on an end-over-end tumbler for 1 hour at approximately 
29 rpm, then the supernatant liquid was transferred to 
2-liter separators' funnels and the acetone removed by 
washing three times wuh distilled water (Subsequent 
experience has shown that more polar organophosphorus 
insecticides such as fcnsullothion (Dasanit) remain with 
the acetone: water mixture and are therefore discarded). 
The hexane phase was passed through anhydrous sodium 
sulfate and collected in S-oz screw cap bottles. The 
extracts were stored at - 10 C until analyzed. Recovers 
values, obtained bv adding known amounts of insecticide 
standards to residue-free sandy loam and muck soils 
followed by evaporation of the solvent prior to extrac- 
tion, indicated >90'r recovery for all the organo- 
chlorine insecticides and for some organophosphorus 
insecticides such as diazmon. Durshan, dichlofenthion 
(Nemacidel. and parathion, Recovery duta using this 
extraction procedure were not obtained for the less com- 
mon organophosphorus and carbamate insecticides or 
the metabolites. Since the soil tvpes used in the reco\cr\ 
studies were not representative of the wide range of 
soils sampled in this study, nor of weathered samples, 
no corrections were made lor percent recoveiy 

Injection of crude exiraets from soil into .i gas chroma- 
tograph can result in poor definition o! peaks Mhen 
several insecticides are present, misinterpretation oi 
other soil components or contaminants as insecticides, 
and rapid degeneration of Gl.C column and detector 
efficiency. Consequently, all samples were cleaned up 
and fractionated on Florisil columns The technique has 
been described m detail (/2| and will be outlined only 
briefly here. The column was elutcd with four solvents 
as follows: 200 ml of petroleum ether (firsi fraction): 
,200 ml of 5:1 benzene: petroleum ether (second fraction I; 
200 m! of chloroform (third fraction 1; and 150 ml of 
acetone (fourth fraction). The first fraction contained 
residues of heptaehlor, aldrin. t'.p'-DDT. p.p'-DDT. and 
DDE. The second fraction contained lindane, heptaehlor 
epoxide, y-chlordane, dieidrin, endrin, DDD. methox>- 
chlor, dicofol, and endosulfan The majority of the or- 
ganophosphorus insecticides or their metabolites ap- 
peared in the third and fourth fractions, but some 
chlorinated organophosphorus insecticides elutcd in the 
second fraction. The eluates were concentrated to ap- 
proximately 2 ml in a rot.^y evaporator, the residue- 
taken up in hexane, and transfrred to a 10-ml volumet- 
ric flask. 
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TABLE 1. — Crop history and insecticide usage for the 16 farms studied, 1960-69 



■v^ 



FaKM 


Genehal 
Classifi- 
cation 
(Caops) 


Soil 
Type 




Caop Huron* and Insecticide Usage 


No. 


I960 


1961 


1962 


1963 


1964 


1965 


1966 


1967 


1968 


1969 


1 


Field 


Clay loam 


Crops 
Insecticides 


alfalfa 


alfalfa 


corn 

aldrin 


corn 
aldrin 


com 
aldrin 


corn 
aldrin 


corn 
aldrin 


com 


wheat 


corn 


2 


Field 


Sandy loam 


Crops 
Insecticides 


no data 
no data 


corn 

Hlseed 

Ir i 


,.,i!s 


alfalfa 


sugar 
beets 


corn 


oats, 
alfalfa 


alfalfa 


alfalfa 


soybean] 


] 


Field 


Loam 


Crop) 

Insecticides 


fallow 


lurnips 
aldrin 


com 


turnips 
aldrin 


wheat 


oats 


oats, 

alfalfa 


potatoes com 
DDT — 


corn 


4 


Field 


Clay 


Crops 

Insecticides 


turnips 

aldnn 


clover 


fallow 


oats 


turnips 

aldrin 


wheat 
aldrin 


wheat 

aldrin 


corn. 
cabbage 

mev 


rye, 

cabtsge 
mev 


turnips, 
corn 
fen, C 


J 


Tobacco 


Sandy loam 


Crops 
Insecticides 


rye, 
tobacco 

no data 


potatoes 
no data 


rye 
no data 


tobacco 
no data 


rye 
no data 


tobacco 
aldrin 


pota- 
toes, 
wheat 
endrin. 
DDT 


potatoes 
C 


tobacco 
C 


potatoes 

C. 

endrin 


6 


Tobacco 


Sand 


Crops 

Insecticides 


rye 


tobacco 
DDT 


rye 


tobacco 
DDT 


wheat 


tobacco 
DDT 


wheat 


tobacco 
DDT 


wheat 


tobacco 
DDT 


7 


Tobacco 


Sand 


Crops 
Insecticides 


tobacco 

aldnn. 

DDT 


rye 


tobacco 
DDT 


wheat 


tobacco 
DDT 


wheat 


tobacco 
DDT 


rye 


lobicco 
DDT 


rye 


8 


Tobacco 


Sandy loam 


Crops 
Insecticides 


tobacco 
aldrin 


rye 


tobacco 

H. 
DDT 


rye 


tobacco 

DDT. 

endrin 


rye. 
lob.icco 

DDT, C 


rye, 

tobacco 
C 


rye, 

tobacco 
DDT, C 


rye. 

tobacco 
DDT. C 


rye, 

tobacco 
DDT, 
C. Dur 


O 


Vegetable! 


Sandy loam 


Crops 

Insecticidss 


onions 
aldrin 


onions 

aldrin, 


on ions 
aldrin 


lettuce 
DDT 


leituce 
DDT 


toma- 
toes 


leituce 


no data 
no data 


no data 
no data 


no data 
no data 


10 


Vegetables 


Muck 


Crops 

Insecticides 


onu ns 

dldrin. 

H 


onions 

aldnn, 
H 


onions 
D, H 


onions 
D. M 


onions 
D. H 


onions 
Dr. 

dichio 


onions 
dichio, 
aldrin 


onions 

DDT. 

dichio 


onions 
DDT 


onions 
DDT 


II 


Vegetables 


Muck 


Crops 
Insecticides 


radishes 

endrin. 
DDT 


radishes 

endrin. 
DDT 


radishes 

endrin. 
DDT 


radishes 

endrin, 
DDT 


radishes 

endrin, 
DDT 


sorghum 


cucum- 
bers, 

corn 

cndo. 
aldrin 


corn 


corn 


radishes 
DDT, P 


12 


Vegetables 


Muck 


Crops 
Insecticides 


onions 
DDT 


celery 
DDT 


celery 
DDT 


onions 
DDT 


on ions 
DDT 


celery 

mev. 
DDT 


onions 
Dr 


celery, 
onions 

DDT. 
ertdo, 

mev 


celery, 

onions 

DDT. 

cndo. 
mev 


celery, 

onions 
DDT, 

cndo, 
mev 


|j 


Vegetables 


Sandy loam 


Crops 
Insecticides 


radishes 
aldrin 


radishes 
aldrin 


radishes 
aldrin 


radishes 

aldnn 


radishes 
aldrin 


onions 
ethion 


beets 


onions, 
radishes 
ethion. 
P, DDT 


onions. 

radishes 

cthiun. 

P 


onions. 
radishes 
ethion. 
P 


14 


Vegetables 


Muck 


Crops 
Insecticides 


carrots 
DDT 


carrots 
DDT 


lettuce 
DDT 


onions 
DDT 


carrots 
DDT 


carrots 

DDT, 

Dz, 


onions 

DDT, 
Or. 

dichio 


carrots 

DDT, 
Dr. 

dichio 


onions 

DDT, 

Jr. 

dichio 


lettuce, 
radishes 
C. mal 


1! 


Fruit 


Sandy loam 


Crops 

Insecticides 


apples 
DDT 


apples 
DDT 


apples 
DDT 


apples 
DDT 


apples 
DDT 


apples 
no data 


apples 
no data 


apples 


none 


none 


If. 


Fruit 


s„ndy loam 


Crops 
Insecticides 


apples 
no data 


apples 
no data 


apples 
TO Jju 


apples 
no data 


apples 
no data 


apples 
no data 


apples 
no data 


apples 
nci dalii 


apples 
no data 


apples 
no data 


NOTE: 


C = carbaryl 
D = dieldrin 
Dz = diazmon 
dichio - dichlt 
Dur = Durabai 
ertdo — endosu 


ifenthion 

i 

tfaa 


fen 
M = 

mal 
mev 
P = 


= fcniuift 
hepttchl 
= malath 
= mevin 
parathior 


ithion 

st 

.on 

ihos 
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Organochlorine insecticide residues were determined 
using GLC. Studies in 1964 were carried out using a 
V^, Wilkins Aerograph Model 600C Hy-Fi gas chromato- 

graph and an additional oven. Model 550, equipped 
with electron capture detectors; subsequent studies used 
a Varian Aerograph Model 205B dual column OC and 
a Model 1200 single column GC equipped with electron 
capture detectors. Operating parameters have been 
described in detail elsewhere (12). In 1964. 2-colunm 
packings were used: DC- 11 [5% on Chromosorb W) 
for identification and quantitation and QF-1 (5% on 
Aeropak 30) for additional verification. In the following 
years a DC-200 {5% on Aeropack 30) column was used 
in place of the DC-1 1 column. In cases where identifica- 
tion was still in doubt, chemical conversion techniques 
prior to GLC were also utilized (/-') The samples were 
analyzed for: heptachlor, heptachlor epoxide, y-chlor- 
dane, aldrin, dieldrin, endrin, o.^'-DDT, p,p'-DDT, 
DDE. DDD, dicofol, methoxyehlor, endosulfan, and 
lindane. Results obtained for o.p'- and p.p'-DDT are 
reported as technical DDT. Sensitivity of the techniques 
was 0.01 ppm in 1964 and 0.001 ppm in 1966 and 
1969, Results are reported in parts per million based on 
the oven-dry weight of the soil. 

Organophosphorus insecticide residues which had been 
extracted were delected qualitatively by enzymatic an- 
alysis and quantitatively, when possible, by GLC. 
Fnzymatie analyses were done on fractions 3 and 4 of 
the Florisil eluale which were known to contain the 
majority of the organophosphorus insecticides or their 
metabolites. The technique used was a modification of 
ihe methods of Giang and Hall [2) and Henscl ei ai (8). 
Two solutions were prepared, (a) a buffered pseudo- 
acetylcholinestcrase solution utilizing outdated human 
blood plasma and (b) a 0,132 m acetylcholine bromide 
solution. One milliliter aliquots of fractions 3 and 4 
of ihe eluates from the Florisil columns were placed in 
5-ml beakers. Control samples and control samples plus 
known concentrations of an enzyme-inhibiting insecti- 
cide (diazinon) were also prepared. All samples were 
replicated The samples were evaporated just to dryness 
and 2 ml of Solution (a) added to the beakers at pre- 
cisely timed 2-minute intervals The beakers were in- 
cubated in a water hath 31 37 i. 0.5 C for 70 minutes, 
stirring at 15-minute intervals. The samples designated 
for the initial pH readings were read at that time. One 
milliliter of Soluiion (b) was added to the remaining 
beakers which were then incubated for another 2 hours. 
Final pH readings were taken and percent inhibition 
was calculated as follows: 

Percent inhibition = 
a pit ol control sjmplt - JpH of treated sample 



J pH of control umpk 
« P H = pH ,.,„„ -pH „,.,, 



> inn 



When possible, the presence of organophosphorus in- 
secticide residues in the soil was determined quantita- 
tively by GLC utilizing ihe equipment and techniques 
outlined above. Verification was made using a Wilkins 
Hy-Fi Model 600C GC equipped with an alkali flame 
ionization detector using cesium bromide or rubidium 
sulfate sails. 



Results and Discussion 

Information obtained from those cooperators who could 
provide data on insecticide use indicated that, in nearly 
all cases, insecticide!! had been used extensively between 
1960 and 196') liable II An exception was on Farm 
No. 2 where the only reported insecticide use had been 
a heptachlor seed treatment in 1961. Between 1961 and 
1964, the organochlorine insecticides were used almost 
exclusively; from 1965-69, more emphasis was placet! 
on use of organophosphorus insecticides The greatest 
pesticide usage was on fruit, vegetable, and tobacco 
crops, with few insecticide requirements tor field crops, 
The cyclodiene insecticides were used primarily for soil 
insect control — including the seed-corn maggot. 
Hylemya platura (Meigen); the cabbage maggot. H 
hrassicae (Bouche): the onion maggot. H. amiqutt 
(Meigen); the black cutworm. A grotii ipsihn (Hufnagcl): 
the variegated cutworm. Peritimma satiriii (Hubner): the 
northern corn rootworm, Diahroiira langicarnh (Say); 
and several species of wireworms. Aldrin was the in- 
secticide mosi used, with heptachlor and endrin used 
to a lesser exieni. 1)1)1 was used extensively for control 
of the dark-sided cuiwtirm. Euxca mesmria (Harris) in 
tobacco, as well as the other cutworm species listed 
above. It was also used extensively for Controlling a witk 
range of foliar insects on tobacco, vegetables and truii 
In some cases, eg., on tobacco, a single ■-oil application 
was applied annually. In other cases, e.g., vegetables and 
orchards, numerous applic alums were made in a single 
year. Between 195K and 19b4, ihe seed-corn, onion, and 
cabbage maggots all developed resisianee to the cyclo- 
diene insecticides (6,9, 10) as did the dark-sided cut- 
worm attacking tobacco 16). As a result, use oi the 
cyclodiene insecticides decreased significantly bv 1965 
The main use between 1965 and 1969 was for control 
of the northern corn rootworm Aldrin. dieldrin. and 
heptachlor were banned from agricultural use in the 
Province of Ontario in May 1969, DDT received ex- 
tensive use up to I '969. particularly for cutworm control 
in tobacco and on vegetable crops; however, other 
recommended uses decreased markedly between I l J65 
and 1969, and it was banned with two exceptions, from 
use in Ontario in January 1970. The data in Table I also 
indicate that insecticides receiving increased use in place 
of the organochlorine insecticides include mcvinphos, 
fensulfothion, carbaryl, Dttrsban. diazinon. dichlofen- 
thion. endosulfan. parathion. malathion. and ethion. 
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The results (Table 2) show that DDT plus metabolites 
were present in the soil on all 16 farms, wiih the smallest 
amounts on Farms 1 and 2 which had been devoted 
solely to ficldj crops. The highest residues were found in 
the two orchards on Farms 15 and 16. On Farm 15, 
residues of technical DDT reached a peak of 97 ppm in 



1966. Aldrin and dieldrin were found in 14 of 16, soils 
in amounts ranging from a trace (<0001 ppm) to as 
high as 2.3 ppm of aldrin and 2.5 ppm dieldrin on' Farm 
11 in 1969 Heptachlor/hcptachior epoxide/ y-chlordane 
were present in significant amounts on six of the farms. 
Endrin was found on only two farms in 1964; by, 1969, 



TABLE 2— Residues of organocklorine insecticides found in agricultural soils on 16 forms in southwestern Ontario in 
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0.21 


— 




1969 


— • 


— 


■ — 
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> 0M ppm cndoiulfan wis dftecicii an farm No. 12 in 1969. 
Ir.iv* amounts of UodafKc •*« JetfcicJ on Frmn Ni>. 1 
l.iund in .irlv ol IlK »i»ii, 
„p-l>Dr * p^'-DOT. 

NOTI-. 1 --. trace - <0,» ppm in 1964 ind <001,ppm 
— .. iin i r ii Jui Jct«icd: ILmli ot (emiUvity 0.01 
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residues were present on nine farms, indicating increased 
use of this compound as some or the oilier insecticides 
were phased out. Trace amounts of lindane were de- 
tected on two farms, but no residues ui methoxyehlor 
were tound. Dicofol was present in relatively high con- 
centrations in the two orchard soils while endosulfan 
was detected on Farm 12 in 1969. 

For the purpose of this discussion, the results obtained 
on 1 * of the tarms have been averaged in order to point 
out general trends. Farm 9 was excluded since a 1969 
sample was not obtainable. Ii should Ik noted, however, 
that due to the limited number of samples the results 
may not be statistically significant. As mentioned above, 
between 1961 and 1964 the organochtorine insecticides 
were used almost exclusively, but from 1965-69 in- 
creased emphasis was placed on use of (he organophos- 
phorus insecticides (Table II. The average residue levels 
tor the cyclodiene insecticides in soil leaded to be con- 
sisient with the use pattern, fn all cases, with the excep- 
tion of aldrin, cyclodiene insecticide residues were high- 
est in 1966 and appear to have declined slightly since 
then (Fig. 11 The highest concentration of aldrin oc- 
curred in 1964, and n was present at slightly lower 
levels in both 1966 and 1969. The most pronounced 
decline between 1966 and 1969 occurred with hepta- 
chlor. Dieldrin, endrin, r chlordane. and heptachlor 
epoxide appear to have decreased at slower. parallel 

FICUJRF t.— Average residue levels (ppm) of the cyclodiene 

msect Hides found in soil on IS fnmi in southwestern 

Ontario in 1964, 1966, and 1969 
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rates The average Mai culodkne insecticide residue 
levels of 1.24. 1 K. 1 a d 1 32 ppm lor 1964, 1966. and 
1969, respectively, indicate ihal the residue levels in the 
soil in 1969 were similar to those found m 1964 

Residues of technical DDT also reflected the changing 
use pattern; they were highest in 1966 (Fig. 2) and 
by 1969 had declined to an aveiage value of H 1 
ppm. as compared to the 1964 level of 17.4 p r m 
Residues of DDF and ODD remained relatively stable, 
presumably reflecting the microbial degradation of DDl" 
to these compounds Residues ol dicofol in (he ivwi 
orchards sampled also sho* -il little decrease. The aver- 
age total residue levels lot DDT and the relutcd com 
pounds were 20.17. 24 74, and 16.32 ppm for 1964. 
1966, and 1969, respectively, thus indicating that rest- 
dues of DDT and the related materials in 1969 had 
decreased to a level lower than thai found in 1964 

Of the 15 farms v,. ; ed in 1964. 1966. and 191.M 4 
fitted the catctioi •. - t d Ctops 4 weie tobacco (arms. 
5 were vegetable laims, md 2 were m chords (Table i 
When the data obtained on the cyclodiene insecticides 
were summarized on the basis ol these four general 
categories (Table n . was apparent that vegetable soil-, 
on the average. con^mtd the highest levels of these 
compounds. Tobacco soils also contained residues ol 
most of the commn cyclodiene insecticides but at 
considerably lower :. v« is Residues ol aldrin, dieldrin. 
and endrin were pr.-eni in the field crop soils. 1'he 
average cyclodiere in-.eeiicuk residues for (he four field 
crop soils were »re:.ler than those lound in tobacco 
soils However. iin. *as due primarily to the fa».t tint 
on Farms 3 and 4. turnips had been included in the 
rotalion prior to I9(,s. and aldrin was used for cabbage 



TABLE 3.— Average residue levels for common ryt toiticne 

insecticides found in auriculiurut soils on 15 farrtH in \nuth 

western Ontario in 1964. 1966, and 1969 i„ relation to 

cropping practice 
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TABLE 4, — Average residue levels of DDT, and its metabolites and dlcofol found in agricultural soils on 15 farms in 
southwestern Ontario in 1 964, 1966, and 1969 in relation to cropping practices 
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1 <j,p'-DDT +■ pjj'-DDT. 

NOTE: T = trace = <0.f ppm in 1964 and <0.0I ppm in 1966 and 1969 
— = nu residue delected. 



maggot control. The data obtained on Farms 1 and 2 are 
more typical of farms devoted to field crops. No residues 
of the cyclodiene insecticides were found in the orchards. 

When the data for DDT were summarized in relation to 
cropping practices (Table 4). it was apparent that or- 
chards contained high residues of DDT and related ma- 
tcrials followed by vegetable, tobacco, and field crops in 
lhat order. 

FIGURE 2. — Average residue levels (ppm) of DDT and 

related materials found in soil on 15 farms in southwestern 

Ontario in 1964, 1966, and 1969 
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Average residue levels for all the organochlorine in- 
secticides detected in relation to cropping practices (Fig. 
3) indicated lhat the highest residues were present in 
orchards > vegetable > tobacco > field crop soils. In 
orchards, the residue levels were highest in 1964, and 
decreased in both 1966 and 1969. In vegetable and 
tobacco soils, residues reached a peak in 1966 and de- 
creased in 1969 to a point only slightly higher than levels 
found in 1964. In field crop soils, total organochlorine 
insecticide residues were highest in 1964 and have 
dropped since then 



FIGURE 3. — Average residue levels Ippm) of the organo- 
chlorine insecticides found in soil on 15 farms in 
southwestern Ontario in 1964, 1966, and 
1969 in relation to cropping practices 
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The residue levels found in agricultural soils in relation 
10 cropping practices are based on a very small number 
of samples. Nevertheless, the data for orchard, vegetable, 
and tobacco soils are probably quite representative of the 
situation in -southwestern Ontario. However, the data 
on field crops are unquestionably biased. Of the four 
farms in this general category, two contained relatively 
high residues of the cyciodiene insecticides as a result 
of turnip production: the other two contained residues 
resulting from corn rootworm and seed maggot control 
measures. The corn rootworm is a problem only in the 
southermost counties of the Province, and the acreage 
of turnips is limited. Consequently, the data given are 
not representative of the large acreage of agricultural 
land devoted to field crops which receive little or no 
insecticide treatment 

The total land area of the Province of Ontario com- 
prises over two hundred million acres (//) (Table S). 
Of this, only 6^ is devoted to commercial farming 
operations, and over one-half of this acreage is planted 
in field crops where little insecticide is required. Soils 
containing high residue levels, i.e., tobacco, vegetable, 
and orchard soils, comprise 0.1 5% of the total land 
area of the Province and 2.491 of the land devoted to 
commercial farming. Thus, although relatively high 
residue levels are present in these particular soils, they 
are concentrated in relatively small pockets In addition, 
particularly in vegetable soils, the highest residue levels 
were found in muck soils where they are adsorbed and 
their insecticidal properties inactivated; under these con- 
ditions, residues cannot be absorbed by crops and are 
subject to very little vertical movement (J, 4,5). Never- 
theless, residues of the organochlonne insecticides can 
move from these contaminated soils by either wind or 
surface water erosion to contaminate adjacent areas as 
well as streams and lakes. 

TABLE 5. — Tolal acreage of land in the Province of Ontario 
and acreage devoted to agricultural production, 1969 



ACREAGE 


Peicent op Total 


Total land arcs of Province 


! 220.218.880 


100.0 


Commercisl farm* 




13.229.561 


6.0 


Held crops (oirier than tobacco) 




7.559,000 


34 


Tobacco 




1 20.000 


oos 


Vejie tables 




121.489 


005 


Fruit 




77.869 


0.03 



The enzyme inhibition tests in 1969 indicated that in- 
hibitory substances were generally below significant 
levels in field crop, tobacco, and orchard soils (Table 6). 
However, both the third and fourth fractions from the 
extracts of vegetable soils generally showed significant 
inhibition, thus indicating the presence of organophos- 
phorus insecticides or their metabolites. It should be 
pointed out that some of the metabolites of organophos- 
phorus insecticides have a much greater inhibitory 
effect than the parent materials, and therefore the data 
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obtained on the fourth fraction may be indicative of 
only minute quantities of highly inhibitive compounds 
GLC analyses confirmed the presence of dichlofenthion 
in soils on Farms 10 and 14 in 1964, Farms 10 and 12 
in 1966, and Farms 10 and 14 in 1969. Ethion was 
detected in the soil on Farm 13 in 1966 and 1969. 
diazinon on Farm 14 in 1956 and 1969. diazoxon on 
Farm 13 in 1969, and parathion and paraoxon on Farm 
11 m 1969. Federal and provincial government regula- 
tions and recommendations have placed considerable 
emphasis since 1966 on decreased use of the organo- 
chlorine insecticides and increased use of the organo- 
phosphorus and carbamate insecticides. These results 
reflect the trend toward increased use of the organo- 
phosphorous insecticides (Table 1) in that they were 
detected in soils on only 2 of ) vegetable farms in 
1964, in 4 of 5 in l9fSO. These particular organophos- 
phorus insecticides are generally considered to be of 
limited persistence in soil However, ihey are often 
applied at higher rates and over shorter intervals during 
the growing season, and their limited persistence may 
be offset to some extent by the greater total amounis 
applied. 
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TABLE 6. — Enzymatic inhibition by extracts of agricultural soils from 16 farms in southwestern Ontario in 1969, 
residues of organophosphorus insecticides delected by GLC in 1964, 1966, and 1969 



and 



No. 


EXTRACT 

Fraction 


Percent Inhibition ' from Extracts 
Equivalent to Soil Samples of: 


ORGANOPHOSPHOHUS iNJECTSCIOES 
DETERMINED BV GLC (PPM) 


0.04 o 


04 o 


1.6 


1964 


1966 


1969 


1 




1 7 
1.1 


34 
14.0 


7.2 
40.7 


— 


— 





2 




2.5 
3.0 


2.1 

4.2 


2.5 
5.5 








_ 


3 




5.4 
7.8 


5.4 
12.2 


5.4 
18.1 


— 





— 


4 




0.4 
0.6 


2.1 
8,9 


5.5 
30.6 





— 





5 




2.1 
3.0 


1.7 
2.2 


9.4 
9.8 


— 


— 





6 




2.6 
4.3 


2.6 
1.1 


2.1 
23.8 


— 





— 


7 




4.3 
4.7 


4.7 

8.1 










— 


1 

9 




2.4 
4.4 


3.4 
6.3 


8.2 
17,9 


- 


— 


- 


10 




10 8 
11.7 


67.9 
72.5 


81.7 

82.5 


dlchlo(0 85> 


dichlo(I.lO) 


dlchlo(0.32) 


1 1 




163 
74.1 


80.6 
82.0 


82.0 
83.3 





— 


P(1.71) 
Po<0 01 > 


12 




2.2 
8.3 


79 

42.9 


14 9 
74.6 


— 


dichlo(0 03) 


— 


13 




1.7 
35.7 


6.0 

80.9 


20.0 
88.9 





ethion(0 29) 


c(hion<0.24) 

Dzo<0.03 ) 


14 




3.4 
4.2 


110 
26.3 


55.1 
66.9 


dlchlo(0.45) 


DK0.09) 


dichlo<0.07>. 
Dz(0 07) 


IS 




3.5 
3.5 


7.5 
IB.0 


18,4 
26.3 





— 


— 


16 




1 8 

2.2 


16.1 
IBB 


16.3 

24.6 




— 


— 


1 Significant 
NOTE: — = 

Blan 
Lim 


inly if percent inhih 

No residues deiecte 

ks = No sample ava 

t of sensitivity: \96 


tion is >20. 

d. 

liable 

A — 0.1 ppm, 1966 


= 0.01 ppm. 19 


59 = 0.001 ppm. 









dichlo - dichlofenthlon 
Dz = dim inon 
Dzo — diuosun 



P = parathion 
Po = panonon 
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Metabolism of Hcptachlor and Its Degradation Products by Soil Microorganisms' 

|. R U Mnss. C M. Tu, and C. R. 1I\kris 
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ABSTRACT 



Chemical and mil microbial degradation >■! Iieptarldor 
proceeded by .11 least ;l palhwass: epoxidatiou, liydiohsis, 
aiul reduction. Soil mirrcKitganistfls ion wiling lu-|ii.it lilm 

Io its ( |Ki\iilc iiclf identified. IIiiiii li\c ill' (7 fungi, 

and i.'ii nf 45 bacteria and jditKunytoics isolated from 
soil produced llit" epoxide. In uipieous media, lieptacliloi 
hydroli/ed iliemieally in 1 hwlioxyi hlordciie, wliiili the 



soil microorganisms urere able to cpoxidi/c \e Mr. fumy- 
1!.-! cpoxycllluitlcitc. 1 li-pt.n lilui was iitililmiii.il. 
baiictia in ililoideiie wlmh was ilirn epovidwd in ild,>i 
dent' epoxide, The insecticide and iis byproducts were 
concentrated m itir Fungal mycelium. The presence (if 
cyrlodicnc iiisctiitidfj in the media appealed io influence 
some tniciobial metabolic processes. 



The influence of microorganisms on the degrada- 
lion of pesticides in ".oils is being investigated by an 
increasing number of researchers, IJchtcnsteiu and 
Schuh (imm. 1904). Cci/iu and Rosefield (19ns, . 
and Bro-Kasmusscn et al. (1968) compared the per- 
sistence nl pesticides in sterilized and nonsterihzed 
soils. Persistence was less, and conversion to odier 
products w; s greater, in the nonstci ili/ed soils, and 
the differences were attributed io the activity of mi- 
croorganisms. Weber mid Coble (I9US; demonstrated 
the decomposition of di<|tt;ii by ihe microbes in an 
aipicons miiI i'Mi.mi Cserjesi (\'U,~). Pern and 
.Scheie! (191.8), 1'ooii.iwalL ami KnctC (I9(i&) '. Mat- 
Minima ami Bnnsli (I9(i8). Malsiiinnia Ct al. (I!lt>8), 
Tu ct al. (1958) , and G turner and Ztickcrman (I'HiSj 
examined the anion ol specific microorganisms on 
pesticides and relatetl hydrocarbons. 

I leptaihloi. first isolated from teilinical thlonhne, 
luis been an important soil insect tcide since 1919. 
D.ividow and Radoniski (1953). Davidow ei al. (1953), 
Radomski and Duvidow (1953), and Harris ei al. 
(1956) reported die conversion of hcptachlor to hep- 
i acli lor epoxide in animals. Conversion to the epoxide 
on plains was demonstrated by Camion and Decker 
(1958) and in sn;l bv Camion and Rigger (19">8) and 
f.ichtenstein and Siliul/ (I960). Aldiough it lias been 
assumed ih.n soil microbes are responsible for the 
conversion of IteptachJor to iis epoxide in soil, the 
spei ilu organisms involved had noi been determined. 
Hydrolysis ol hepiachlor to 1 hydroxyclilordene has 



' Coftiribuilun no. 10.">. Rrwan li Institute Cjn Ocp. of _\Er., 
London. Ontario, Rcvcist*! Im rutblkaliftn ti'b. Id, 1909. 



been shown to occur in aqueous suspensions by Hon 
man et al. (I9bl), and there is some evidence that 
this conversion rutins also in soils (Bowman et al. 
1905, Duff) ami Wong I0U7) . 

This slinly was initiated to isolate and identify the 
microorganisms converting hcptachlor lo its epoxide 
in soil and io determine if there were oiliei path- 
ways ill chemical and microbial degradation ol hepta- 
chlor. 

Mil irons ami M m luus.-The isolation or the 92 
species ol microorganisms used in this study from soil 
was desc-ritol previously (Tu et al. IllfiH) , Tables 1 
and :> list tin- genera, Hcptachlor and or iis metabo- 
lites were incubated at L'M-c; nub eath spe< its in an 
aqueous basal medium. The insecticide was added in 
ctltanol solution in give a concern i at ion nf 1 ppui 
and 1 r ; etbauol. Composition t>( the medium was; 
KH.I'O.. I g: K»HPO,, I g; NH.NO.,. I g: MgSO.- 
7H-0. 0:2 g: <:.iCI., 0.02 »: IV, (SO,) .. 0.01 g; and 
distilled watei to make I bier. The f>H was adjusted 
to 7.(1. Additions of insecticide were made ai /em 

day, 3, 1. and 5 weeks, and analyses were conducted 
fi weeks after die 1st add ilium Products were extracted 
from the medium with Inxane. ihe hcxanc extract 
was diieil wiih anhydrous sodium sulfate and analyzed 
by GLC using electron rapture detectors. Columns 
were 1.5 ni long and :> mm (iii. Column packings 
were: f» , i >< 21M) (meihvl silicone) operated at 
I85*€; 3^ OV-17 (methyl phenyl silicone), I82°C; 
5 r ; XE-60 (niiiile silicone), 200*C; and 5'" QI-" I 
(fluorosilicone) , 185*C. Solid support was 100/120 
mesh Aevopak SO, except for OV-17 which was coated 
on i>n SO mesli (-as Chrom Q, Identities of products 
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were established by retention times on these 4 liquid 
phases compared with authentic reference, standards. 
Identities were confirmed In TLC and clii.itm.il con- 
version to known compounds. 

Early analyses of fungal samples showed .i remark- 
able sorption of heptacltlor and licptadllor epoxide 
b\ iIk. mycelium. In all subsequent analyses ot [ungi, 
the myeclia were separated by filtration, ground with 
cctitc, dried with anhydrous sodium sulfate, and ex- 
tracted >Mth hcxane while subjected to ultrasonic 
vibrations at Hi) kli The filtrates were extracted in 
separatory runnels with hevanc. 

RrsLt in ami Discusstox.— Our analyses showed the 
formation ol die following products from heptat 
I hydroxydt lor dene, heptachlor epoxide, duordene, 
ddordene epoxide, l-hydrbvy. i'.:t epoxydilordene, and 
1 unknown. 

lit;. 1 shows a schematic diagram tor the produc- 
tion of these materials from heptacltlor. Table 1 
details the results ol the fungal incubations. Table 2 
shows the results ol the intubations with neluiotny- 
cetes and bacteria. Ol 17 fungi. 35 produced hepta- 
thiol epoxide in amounts varying from 0.001 to 175 
ppiii. Ol 45 bacteria, 2fi produced licptadllor epox- 
ide (Q.OOI to 0,211 ppm) , Conversion ol heptacnlor 
to its riloxidc was not so »rcal as the 'M''t found in 
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the work on the conversion of aldrin to tlieldrin (Tu 
ii al. lyiiH) , which is understandable considering the 
alternative degradation tomes open to hcptachlor, 
'J he greatest coni'ersion to heptadilor epoxide was 
In a Xt>< aiilui species whirl) convened (/,", of the 
a]jplied heptacltlor 10 licptadllor epoxide in 6 I 
Production ol hcptacblor epoxide was not confined to 
any single genus. Hcptadiloi epoxide was produced 
by cultures of Rhizopm, h'lisartitm , Penicillium, Tri- 
thctlci inn, Nocardia, Streptomyces, Bacillus:, and a 
Micy<in)finOij>om. Repeat incubations did not always 
result, in the same level 61 epoxide production In I 
experiment, ;i Vacantia culture converted U'', ol the 
heptacltlor to its epoxide in 6 weeks, Inn converted 
only L' r , m the experiment detailed in Table 2. Ibis 
lack of quantitative duplication m.i\ be caused by 
cither physical or biological variations. Volatiliza- 
tion ol heptadilor from die medium uonld reduce 
the amount available lot c-poxidatton. Retell! <\ 
periments at this laboratory indicate (hat adsorption 
onto the glass ualls of lest tubes and llasks can quickly 
deplete the concentration of insecticide in aqueous 
solution even with an ctlianol content of 1%. Biologi- 
cal variations might octui within the microbial cul 
tines from one lest to tin next especially with Jiii 
uomyceles (Krister 1967). While efforts were rnaiu- 
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Tabic I.— Fungal conversion of hcptachlor. - 









l-hychoxy- 




1 leplachlor 


l-hydroxy- 


2 3 cpoxy- 


Genus and 


epoxide" 


clilordene' 


cldorclenc* 


no, spec ics 


ppm 


ppm 


ppm 


Trichoderma (15) 


0.000 toO OH 


0. 10 to 030 


<0.0I to 0.10 


Penicitlhtm HI) 


.000 to IMS 


,06 to .11 


< .01 to ,09 


Fusarinm 


.000 u> .08^ 


.07 in .62 


< .01 lo .'J.5 


Aspergillus ["} 


.000 


.11 


•'.01 




.00 1 


.21 


<0I 


RhizopUi £2) 


.01.1 


.11 


.12 




.I7 r » 


l) 


m 


Mitcar (I) 


till! 


i.l 


01 


Control (2) 


.Hi'. 1 


1. 00 


m 




,000 


,99 


mi 



* Hcpi.ii l.lo. v*..s .T.l.l.'.i in ikr itieilium at 1 ppm on acrro day, 
and at 3. 4 and '> wccki Utr j im.il ul 4 pj.m. Samples tmc 
.tii.ihml t> tac-rki .iIki ihv M .it£<lni,.h 

'■ H. puHil-.i epoxide ji*d l-hydrosy i.S-tfpfflxychlordcne wi 
if.ii'tl imiIv (.ii ilit- iiivcrlium. 

" I -liydrmrc hlordene uai j...n]v snrU-d tin tlit mycelium, the re- 
mainder *v;l* ... luhuioii in the medium die figures given a.c il.c 
total) 

tained to minimize these variations, we did not al- 
ways achieve quantitative duplication. However, 
qualitative duplication was always obtained. 

Although no i-hydroxydUordene was present in the 
analytical grade heptachlor added to the media, n 
occurred in almost all samples after incubation. I lie 
greatest amounts were in the control samples which 
contained heptachlor but no microorganisms) there- 
fore the t-hyuroxychlordcue was produced by chemi- 
cal rather ihan by microbial action. Amounts of 1- 
hydroxychlordene in the samples (Tables 1, '£) range 
downward from the 1 (ID and t 20 ppm found in the 
controls. Lour of the <!!> bacteria and actinomycetes 
produced I -hydroxy-2,3-epoxychlordene in concentra- 
tions from 0.1-1 to 0.46 ppm. By contrast 43 ol 47 
fungi produced this degradation product in amounts 
ranging from a trace to 0.25 ppm. 

1 -hydroxy-- .S-epoxychlordene could conceivably be 
produced by epoxidalion of 1 -hydroxy chlordene at 
the 2.3 positions, or by hydrolysis of heptathlor 
epoxide at die no. I carbon. To determine the source 
of the 1 ltydro\v-2,3-epoxyililoidene, we incubated 1- 
hydroxychlordcue and hcptachlor epoxide separately 
with speciallv selected bacteria for periotls up to 10 
weeks. The I hvdioxy-2.3-epox\< hlordene was produced 
only from I -hydroxy chlordeue. In this experiment 
the Micromonoxpara spp. totally converted 1 ppm of 
1 hydroxychlordcne to l-hydroxy-2.3-epoxychIordene 
(measured as 1.1 ppm) and a small unknown peak. 
I Indroxy 'i,3 cpoxychlotdene has been reported by 
Klein et al, (H'(iN) to result from animal metabolism 
of heptachlor. and by Brooks and Harrison (1<)(>5) 
from bouse lly. Musca domestira I... metabolism of 
chlordene, but has not previously been reported as a 
product of soil microbial action. 

The incubation of 1 hydroxychlordcne with a Na- 
cardia spp. and the Micrumonospora spp. separately 
has produced an unknown peak (Rt = 0.8 x 1-hy- 
droxychlordenc time on XE-60) besides producing 
l-hydroxy-23-epoxychlordene. VVe dieorized that ihc 
unknown might be 1-ketochlordene, and in fact the 
Rt of the unknown agrees with that of I ketochlor- 
ilene on 3 of our GLC liquid phases. Cochrane 3 sup- 



plied us wit i (lie standard 1-kctochlordene and postu- 
lated that the 1-kclochlordene could result from de- 
hydration on GLC columns of rearranged 1 hydroxy- 
2, :4-cpo\\c hlordene. The source and identity of the 
unknown is presently being investigated. 

Table 2 shows 18 actinomycetes and bacteria/pro- 
duced chlordene (up lo 0.3(ii ppm), which had not 
previously been reported as a degradation product of 
heptachlor. Since hcptachlor is produced commer- 
cially by ihc chlorination of chlordene, contamination 
by chlordene might be expected, but our Gl C mil 
■ bowed no trace of chlordene in the hcptachlor 
standards or control samples. The identity ol the 
chlordene product «as verified on all 4 GLC columns 
and further confirmed by bromination of test sam- 
ples and standard chlordene and reexamination by 
GLC for 1-bromochiordene. Chlordene could con- 
ceivably result from dechlorination of heptachlor or 
moval of the hydroxy! horn the l-hydrdxychlor- 
dene present in the solution as a result of hydrolysis 
ol the heptachlor. To di termine if chlordene was 
produced fiom l-hydroxychlorderie, we selected the 
bacteria winch had produced the greatest i mounts of 
chlordene, and intubated them with l-hydroxychlor- 
denc. No chlordene was produced, and we iheri i 
nine hided thai the chlordene was derived by dechlo- 
rination ol heptachlor. A parallel to this dechlorina- 
tion ol heptachlor exists in the Conversion ol Dl) 1 
to DUD (Kallinau and Andrews 1965, Plimmer et al. 
1968), but this is a reduction of an ethane carbon, 
while with heptachlor (he reduction is of the alKlic 
carbon of a cyclopeniene. To confirm our results we 
again incubated heptachlor for (i weeks with ihc 
bacteria. Chlordene was produced, but not in (he 
same amounts as before, indicating a qualitative but 
not a quantitative duplication. When chlordene was 
incubated at 1 ppm in aqueous medium with selected 
oxidizing bacteria, chlordene epoxide was produced, 
but in very minor quantities. 

Gunner and Zuckermaii (l f lf>8) showed synergistic 

Table 2.— Actinomycetes and bacterial conversion of 
lu-plachlor.* 









l-hy- 






Hcpta- 




cluivv 


l-hychoxy- 




chlor 


Chlor- 


1 1 li'l 


2.3-cpoxy- 


Genus and 


epoxide 


dene 


clcltc 


i Uloidenc 


no. species 


ppm 


ppm 


ppm 


ppm 


Xocaiditi 


o.ooo to 


0.000 to 


0.1 1 lo 


il 00 to 


,|i„ 




0.044 


1 .20 


ii l l 


Streptomyces 
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■Dr. IV. P Cochrane. Production ami Marketing Branch. Can. 
Dcp. AST.. Ottawa, Ontario. Personal i ommunu aiion (.I9&&). 



* Heptaihlor was added to ihe medium at 1 ppra on zero day. 
and .ii ,i . I and f* weeki for a tol.il ol -1 ppm. Samples Were 
analyzed i' weeks aftei itie t« addition. Cells were not separated. 
Crib and medium were extracted together. 

11 Nocardta culture which produced 0.0 &f> ppra hcptachlor 
epoxide, produced 0.241 p|im in a later intubatioii. 
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microbial action between an Arlhrnbtwier spp, and 
a Slreptomycei specie, whidi resulted in i!ic complete 
degradation of dia/iiion in 2\ days. When [lie initio 
organisms were incubated separately no change was 
evident in (he diazmon molecule. Our experiments 
have doubtless oversimplified the action of soil mi 
(robes, since we have incubated in vitro individual 
species of soil microbes with heptachloi and its deg- 
radation products whereas in soil or in a water system 
the microorganism'; probahb aft in combination. It 
is quiit possible thai some of the cultures which 
showed hwle or no activity in our study might be 
powerful converters d incubated in various combina- 
tions 

This report shows that (he soil microorganisms ef- 
fect considerable chanj*es in the insecticides and their 
metabolites. The effect ol insecticides on microorga- 
nisms iiiiim also be examined. Ko and Lockwood 
(1968) liiimd that DDT at concentrations a< low as 

I Of II) ppin was highly i.ixa to soil li.ulrti.i and 

actiuomyectes in culture, bm found little effect on 
total microbial members in soil by DD'I and ODD. 
Studies which we have conducted (unpublished data) 
indicate iJi.it cyelodienc insecticides do not have any 
pronounced influetici on toial numbers ol die vari 
oils species in the soil. However, some of our gas 
chromatographic analyses of fungal incubations indi- 
cate that the insecticides ma) have some effect on the 
metabolism of microorganisms. The dotted curve of 
Fig. 2 shows a strong electron capturing peak ob- 
tained 1 1 ■ on extracts ol a I \u hutlerma fungus. This 
|ie.ik is absent in the curve for fungus incubated with 
heptachloi (solid curve). We have sirhiiai evidence 
of the suppression ol metabolic products of another 

Trichmltirmti by aldrin. 'I best' data indicate 1 defi- 
nite inlhiciice ol die iviloilicue insecticides Oil the 
mei.ibolit products ol the fungi and suggest thai 
future ivoik should consider the action of insecticides 
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TIME -» 

Fie. 2.— Electron capture |?as chromatographic response 
fioni a TiiefiOftrrma spp., and Trichoderma spp. men 
haled ivitli heptachlor. 
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on microbial metabolism as well as the action of 
i.i i in pie inisms on insei ticicles, 

Chacko and Lockwood (1967) described the accumu- 
lation ol DDT and dieldrin bv microorganisms. As 
just mentioned, our techniques were modified so that 
products sen bed on the fungal mycelium could he 
analysed separately from products in solution. The 
degree of sorption by lite mycelium is indicated by a 
Rhi/opus which had converted 4.4% of the applied 
heptachlor to heptachlor epoxide in <j weeks. The 
mycelium contained 959! of the total chemicals (hep 
tachlor and iis degradation products), only 5% being 
in solution in the medium. 

In the past, ii has been assumei' that die degrada- 
tion ol heptachlor in the environment followed 2 
majoi pathways, i.e.. volatilization of the parent mate- 
rial from soil. jj|. mis. .,i water into the air, or conver- 
sion to hcptaciUor epoxide, li is apparent from this 
study lh.it there are 1! other pathways of degi ida ton 
Fig. I), i .<■.. chemical hydrolysis to l-hydroxychlor- 
dene followed by microbial cpoxidation to l-hydroxy- 
2,S-cpoxychlorclcui unci conversion to an unknown 
product: and bacterial dechlorination of heptachlor 
io i Idoi dene and then oxidation to tldordenc epoxide. 
The former appears to be a majoi on route, 

the Inter of lesser importance. Tin significaii 

these lesulls remains h be deleiiniued. IfiflrtV-tT, I- 
liyclioxychlordenc has been reported -is :i residue in 
soil resulting Iopmi heptachlor treatments in ai least 
'2. instances (ISowtiKin et al. 19(i5. Duffy and Wong 
1967). Preliminary laboratory studies which we have 
conducted indicate thai the production of i tiydroxv 
ihlonleiie iii soil is comparable to that of heptachloi 
epoxide, li is conceivable that, in instances where 
heptachlor residues in soil are transported into water, 
the l-hydroxyihlordcnc route of degradation ma\ as 
sume a greater degree of importance Brooks and Har- 
rison (19.65) reported that l-hydroxychliirtletie and I 

hvdio\' p'-2,3 epox\< hloiilt ne were nun -toxic when in- 
jelled into house Hies. Although we have not been 
aide io locale data on die mammalian toxicity of the 
compounds produced in the hydroxychlordcne path- 
way ol degradation, u seems likely thai these prod- 
ucts will be le^s toxii titan either the parent material 
or heptachloi i poxidc 

AckNOH'i i in. \i i.ms.--'] be technical assistance ol Mi 
Margaret Thomson and Mi W. W. Satis is gratefully 
acknowledged. 1 lie refeiente stand, nils used in iden- 
tifying the heptachlor mctaliolites in ibis study itcic 
provided a-, follows: chlordene epoxide, l-hydroxy- 
2.3-cpoxychIorclene, and I-ketothlordene, Dr. W, I' 
Cochrane , Produt tion -md Marketing Branch, Canada 
Department of Agriculture, Ottawa: heptachlor, chlOr- 
dene. I -hydroxychlordcne, 1 -broiuoildordeiie, and 
heptachlor epoxide, Velsicol Corp., Chicago, lit. 
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Degradation of Heptachlor Epoxide and Heptachlor by a 
Mixed Culture of Soil Microorganisms 1 
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AHSTRACT 



A mixed culture ol soil microorganisms, obtained from 
a sand) loam M>ii, degraded heptarhk)) epoxide t<> the, 
less toxic I exejiydroxyi Jiluitli'iic. Conversion "as about 
I I per week during the lli-wttt test periods. I lie same 
mixed culture reduced lieprachlor 10 chlonlenc Inn was 
inactive when incubated with f.cxohydroxychlonlenc or 



lexoliydroxy J.S cpoxychlnrdeuc. 

lists degradation ol heptachlor epoxide may explain 
tin- (KiiiiM-iui ill high levels (il 1 esofiydroxyi lilunieue 
and low levels of heptachlor epoxide (omul hi bents- 
rlilui treated soils 



Incubation of the insect i< it le heptachlor with 92 
pure cultures isolated from i sanity loam roil lias 
been reported (Miles et al. I9(ifl) . In that study, 
heptachlor was reduced by bacteria to chlordcne, a 
previously unreported reaction, and hydrolyzcd by 
tin- .Kjiirous tin-. ! 1 1 1 tn r,i I e\ohvdroxychlordcnc. Both 
bacteria and fungi oxidized heptachlor to heptachioi 
epoxide, chlordcne lo chlordene epoxiile, and I- 
cxohydrochlordcue to 1 csoliydroxy - 3 epoxychlor 
dene. Intubation of inset lii id.il substrates Willi pure 
soil microbial cultures in vitro slum's the action ol 
the spnilii microorganisms but the results ma) not 
indicate the fate ol inset ticidul residues in vivo, 
where the combined action of the. soil microorganisms 
is doubtless influenced i>\ antagonism and synergism. 

This papci reports on incubations ol heptachlor, 
heptachioi epoxide, l-exohydroxyihlordene, and 1- 
cxohydrovy-2,5-e|)oxychlordene with a Mixed culture 
of soil microorganisms c\ traded liom a saiuly loam 
soil by watei 

Mmfkims \M) Mki tions.— Incukntioni in Test 
Tubes.— Twenty g of sandy loam soil were shaken 
with KID nil of sterile distilled water. The sand it ts 
allowed to settle for 1(1 sec, then 1-ml aliqttots of the 
supernatant suspension were withdrawn and trans- 
ferred to test tubes containing 12 ml ol aqueous 



■ Contribution no. 160, Rrmnti Institute, Canada Department 
<*( iftriculiUTC, London, Ontario. RmiuJ fur publication Sept. 

JU, I!I70. 



medium consisting of the pesticide substrate and 1% 
ethanol. Heptachlor, heptachlor eposidc, lc\oh> 
droxychlordene. and l-exohydroxy-2,3 epoxychlordene 
were tested at I pptn concentration. The composition 
of lite medium was described previously (Miles et al. 
I9f>9) , Stainless-steel caps were placed on the t< st 
tubes which were then incubated at 28"C for up to 12 
weeks. Heptachlor, which disappears rapidly from 
aqueous solutions, was fortified at I ppm every 2 
weeks. Ai 2-week intervals, test tubes foi each neat- 
tiK.ni weie removed and the contents were subjected 
to ultias.Hiii vibrations ai 20 kll/ from a Btosonic 111 
(Bionwill Scientific, Rochester, N. V.) . lo disrupt the 
cells prioi to extraction Separate list tubes con 
raining only medium and ituxulaiit were assayed as 
blanks, and others containing only medium anil 
insect icid;d substrate were assayed as a control on 
1 1 it- degradation of insecticide in the medium alone. 
Extraction. Git; analysis and (.IC paianielcrs were 
described previous]* (Miles et al. 1969). 

hn titrations in Fjashs.—'l'o 500 ml of sterile medium 
in l-Iiter llasks were addctl r> nil ol ii.nin.V. wt/v 
heptachlor epoxide in ethanol. The moculatvt of 
mixed culture was oluained by shaking 1(10 g of 
Sandy loam soil with 201) ml of distilled water, al- 
lowing the sand to settle for 10 see withdrawing 20 
ml of the supernatant, and adding ii to tltc titer 
flasks. I he Itask necks were closed with (iitlnii and 
wrapped with aluminum foil. The flasks were iucu- 
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bated ai 28"C. The test was run in quadruplicate 
flasks; a ">ih llask was nm treated with heptachloi 
epoxide and served .is a medium and im>-ul,uii 
blank. 

After 1. 8. and 12 weeks" incubation, the riasks were 
shaken, and a 15-ml portion ".is withdrawn and 
subjected to ultrasonic vibration al 2() kHz foi 5 
min. A 10 ml alicpiot of rhc disrupted sample was 
analyzed as previously described (Miles ci al. 196*1 . 
Extra icsis showed ih.n tire ultrasonic treairaeni did 
not increase I he recovery ol the insecticide or 
metabolite, Inn without this treatment tin* ihi<k 
curds made accurate pipetting impossible. 

Resi lis ami l)isc:i.sst<»N.— l'ij» I shows rl« products 
obtained i i run incubations nl beplacblor and hepia- 
cblor epoxide \^ 1 1 1 1 the mixed culture ol soil micro 
organisms, I'able I shows [wiTent conversions of 
heptaclilor lo chlordenc. l-cxohydroxychlordene. 
heptachlor epoxide, and chlordenc epoxide Experi- 
ments a ilns l.il'iu.ito' v showed ih.it heptachlor dis- 
appears rapidly bom .n| in-oi is solutions, W'lii Jc this 
property makes quantitation of chlordenc production 
difhcull the data in cohitnn I of Table I iiulitau 
that a I. tiiK uniform production ol chlonleiie, by 
the reduction of heptachloi. was maintained during 



the 12-week sampling period. The absence of any 
heptachlor epoxide or rhlordene epoxide products 
until the I2ih week indicates thai reducing conditions 
prevailed until that time, Separate incubations of 
l-exohydroxychlordenc with the mixed culture 
showed no conversion to its epoxide (1 exohydroxv- 
2,3-epuxychlordcne) until the Kith week. No con- 
version ol l-exoiiydroxy-2,3-epoxychlordcne was noted 
during the 12 weeks that this metabolite was incu- 
i. ih .! wiili the mixed culture. 

J able 2 shows percent conversion ol heptachlor 
epoxide m l-cxohydroxychlordene, anil the values 
art from S septtrate ronsccutive experiments. Col- 
umns 1 and 2 Iim results of incubations in lesi 
tubes; column .'i lists results ol intubations in liter 
Mask-.. The production of l-exohydroxychlordenc 
lii>ni heptachloi epoxide in ihc test lubes was neither 

so great not -" uniform as in the llasks, where con- 
version as- eraged ca. 1' w< ek. 
'Ihc degradation reaction of heptachlor epoxide to 

lexohsdtoXM Idol dene |Vi»S not reported previously, 
Identity ol iIk I i xohnfioxH hloidene piodtiet Was 
established b\ comparison with .i\t authentic ref- 
erence standard on DC 200, Xl-'oo. and of I, Gl.C 
columns. Identits was rntiiirmed bv mild oxidation 





H H 

Chlordene epoxide 



H OH 
exohydroxyehlordene 




l-exohydroxy-2,3- 
epoxychlordene 



H' CI 



Heptachlor epoxide 

Ftr.. 1. — .Scheme for lieptadilur ami heptachlor epoxide degradation lis soil titieiooi-»auisins. (Dotted arrow indi- 
cates possible mechanism for lieptaililoi epoxide denudation m l-cxuliy-hoxythloielene (see text)). 
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of the exirncis with chromic Oxide (Starratl 1908) 
which cuini-iii'il the It xuhulioxvt hloidcne lo 1- 
kcioclilordcne, Additional loiiluinaUon was obtained 
bv silylaiiou of (lie extracts with Regisil "'. (Itisftri- 
mcthylsiiyl) uillnoi.ueiainidc) (Chemical Research 
Services, Addison, III.), The silvlaied products hail 
the same re i tin ton > true as th.n til sd\|.iu.d standard 
l-e.\ohydroxvcldordenc (Rf = (1.21 of the retention 
lime dl tin ttitsih lalet! compound on Xl'OO GI.C 
column) . 1 lit" evil acts lr»m heptachlor epoxide in- 
cubation with iltc mixed rulture were examined 
for ihe possible occurrence ol l-endohydroxychlor- 
dene, but no trace of the "endo" isomer was found. 

l-hydroxychiordene was reported to mini as a 
residue in hcptadtlor-treated soils liy Bowman et al. 
(I9(j;j) and Dulls and Wong (l!H>7) . Bowman et al. 
(1964) ami Mile* et al. {I'lbUi reported Mint I- 
exohydroxychlordene restilis Irom hydrolysis of 
liepi.ii lilm . and its orcitiTcmc in hcptathlin tl 
soils might lie assumed to rest) 1 1 solely front Itydrolysis 
ol the applied liepiachlot This study indicates that 
ihe i-exoliydroxychlordene residue may also result 
in pari fioni reductive degradation of heptachlor 
epoxide, previously thought to he a very refractory 
soil pesticidal resiihte. Agreement with litis concept 
cut be found in a recent stud) of hepiachlor-ireaicd 
Soils li'. Carter and Stringer (1970). I lies examined 
soils front 5 areas of the United Mates and found ihe 
main residue to be l-hydro.vvililordene (up to & 
Ccner.tllv. heptachlor epoxide represented only a 
sin. ill Fraction "I the residue in the soil. 

Acute oral n>. id I exohsdroxsihlordene t<> rats i-. 
'_' Km- ■ ! ti< to nig kg so boili the hydrolysis of hepta- 
chlor (IB* StM'35 ing/kg and the degradation of 
licptacldoi epoxide (tn>,tni mfi Lg t arc detox icat ion 
teat lions (Poletr) . 

I he mechanism for tlte degradation of heptaeltlor 
epoxide to l-cxohydroxychlotdene was not deter- 
mined. Reduction to heptachlor followed In hydroly 
■■is 1^ a possibility, but no heptachlor iuicrmedi.ilc 
was detected in any of out extracts. However, a 
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Table I,— Conversion of hrpiaihlor l>y a mixetl culture 
of soil microorganisms. 
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Tabic 2.— Conversion ol heptachlor epoxide lo 1 i so 
hydroxyrhkmlenc by a mixed culture ol soil iniiroorgaii- 
isrns. (Percent*.) 
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2 X 7 ii 


1 J 


(i 1 


1 t).u.ti 
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I'd 3.7 3.1 2.1 

is e.i r..i 7.o 

15.0 R.!5 12.8 



* *<* Conversion bused on addrd lirntaihlor. (H<-pt;uhU>r k: 
disl to ttic rat-Utinu .it I pi'in in ii 5 m cks. I 



added 



1 ll.i*i*d -n ;ttltlt'il hi ]ii-u him epoxide. ltt'|riaclilor it<i sii.li- add- 
ed m. dally ;ii l.u pom. .\n I ijt i tii-i addition* were ui 



significant quantity ol rhlordene. representing 
of ihe initial lieptachlor epoxide, ssas ileteaed in 
one ol the Mask intubations at the lilih week. The 
presence ol ch'lordciie could be doe iu red tit t ion ol 
a portion ol the heptachlor intermediate to chlor- 
dene, before hydrolysis lould convert the licptti 
cltlor to 1-cxohydroxychlordene. 

\c:KNOWLEtx;.\fEN'i.— Extractions and GI.C analy- 
ses were in milk teil l>\ Mis, M, II. II. IIioIum.ii 

Mr. (... llH'ikinip assisted in setting up tin liepta- 
chloi epoxide flask incubations. (1LC! vcriliiatinti ol 
ilie chlordenc product sv.is pcrloimcd bj \li VV, VV. 
Sans. Reference standards used in tins study were 
pros, ided as I >IIns\s. ■ lilol'tlcnc epoxide, l-hydrnxy- 
: |iox\i lilonlene, l-ketot hlordenc, and l-endo- 
hydroxyclilordenc. Dr. W \' Cochrane, I'rntiurtinn 
and Marketing Hiainli, (.anail.i Iteparlmeul of 
Agi ii uliiite, Ottawa; liepiachlot'. ch lot dene, l-exn 
IimIi'uxh lilonlene intl In |,i,n lilm epoxide, Wlsicol 
C^orp.. Chicago. III. 
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THE PERSISTENCE OE CERTAIN PESTICIDES IN THE SOIL 
AND THEIR EFFECT ON CROP YIELDS 1 

A. \V. MacI'iii.i. D. Chishci.m, »\i> (". K. MacEachkrn 

Canada Dcjmrlmeitl #f Agrirutturt, Kiidviilf, Soma Statin 

[Rrrcivciliur tubtic.iimii Julie IS, l"»5°l 

ABSTRACT 

From 195* to 19SJ1 al KcnUillc, Nov,. Scotia. Ihu persistence and residual 

effi ts ol certain |K»*li<'ulcs, added in tlio -ml aitwwtly from 1949 to 1953 

incliishe, wire mte-liiMlcd. Subility "I pesticides in the K>il rated m 

iIcm eniliiiK onki ul persistem ; »,is.isfo||,„v,:.ir>cm< . DDL l!HC, chiord inc. 

Arsenic, DD'I, aiS) Milpltnr t\iu«cd iksn ises in ihc yields ol some crops, 

em-e indicated that [)1>T, HHC, ami parathiou were translocated to 

rops. Increased KMirciitralicHis of arsenic ill the soil resulted in in- 

ed accumulations of the clement in plants 

The use of lime in the soil did nut ameliorate the toxic conditions resulting 

from the arsenic ;tn<l DDT treatments, but did correct the effects of sulphur 

applications. 

INTRODUCTION 

The effects of repeated soil applications of seven pesticides, commonly 
used in orchard sprays, were studied from 1 ( >4<> to 1953 in a field experi- 
ment at Kentville, Nova Scotia (3). The persistence of the pesticides in 
the soil and llieir effect Oil the growth of various crops was investigated 
during the subsequent 5-year period. Results obtained are given in the 
present pa[>er. 

MATERIALS AM) METHODS 

The experimental lavout was a randomized block design with four 
replications. The individual plots were 13 led X 16 feet and were separated 
In 5-foot cultivated stri|>s. The soil in the experimental area has been 
classified as Berwick sandy loam (7), which is one of the common soil 
in the Annapolis Valley. Details of the pesticide treatments, applied 
from l'>4° to 1953, are given hi Table I. 

Beans were grown annually front l')54 to 1958 inclusive. In addition 
turnips were grown in 1954, carrots in 1955, tomatoes in 1957, and peas 
in 1958. 

Roots oi the carrot crop fcrown in 1955, and seeds, pods, ami vines 
uf the bean and pea crops grown in 1958 were analysed for pesticide residues. 

Prior to cultivation, a 6-1 " 6 fertilizer was applied each Spring from 
1*151 «, 1958 at 70(1 pounds, 900 pounds, 1500 pounds, 1000 pounds, and 
UK)0 pounds per acre respectively. Dolomitk limestone, applied at 2.5 
tons per acre in the fall ol 1956, and at 1 ton |>er acre ill the fall of 1957, 
was thoroughly mixed with the soil to a depth of 6 inches by rotoiilling. 

Composite soil samples representative t>( the 0-6 inch depth were 
taken from each plot in the spring before planting and again at the end 
oi cub giowiug season. The following determinations were made: pesticide 
concentrations, soil reaction, content of exchange,! Me cations (calcium, 
magnesium, potassium), and avail. idle phosphorus. 

Procedures followed in the analyses ol soil and plant samples were 
I lie same as previously described (A). 

' ~iCuhliilillti.nl Nu, 1UH. HeMWctl Station. C»uadn DtlMrtmrnl t>[ Ajrkiilturf, Ktntvllk. N.S. 
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RESULTS AND DISCUSSION' 

Persistence of Pesticides in the Soil 

The soil concentrations of the pesticides arc given in Table 2. 

Tire arsenic content of the soil remained relatively constant during 
the S year? of (lie investigation. The somewhat variable results shown 
lor arsenic concentrations in ihc soil (Tahlc J) are attributed to sod sam- 
pling technique and to the method of analysis. 

DDT I1IIC and ehlord.uu: a|*r*arcd to '*' relatively stable in the 
soil, although there was a unulual decrease in concentration of these com- 
pounds in successive years. Allen </ at. (21 reported that plots treated 
with 100 pounds of DDT per acre in 1"47 had a residue of 28.2 pound. 
per are in 1951, ami that after 3. years al.ont one-hall of a 100 Ib.-pcr-acre 
application of HI If had disappeared FlemhiK and Maims (4) reported 
, loss of Dl >T ol about 10 per rent per year over a period ol 8 > ears, l.idieu- 
Btcin (8), in a study involviti K 14 orchards, reported a recovery of 26.6 per 
cent of the total amount of I >DT applied as sprays during a 10-year period. 
Losses observed in the present 5-year study indicate an annual average loss 
ol DDT of 12 per cent, and of HI If of 10 per cent. 

Previous findings (3) indicated that parathion disappears rapidly 
from the soil. However, in (.his study it was found thai minute traces of 
the compound or related compounds, as determined by the method followed 
for the determination of parathion, persisted in the soil for at least 5 years. 



Table 


1. -SOU. TREATMENTS 


Pesticide 


Annual 
applic.ni m 

dli ..,-.) 


Years of application 


Leaii arsenate (PbHAsO.) 
DDT (50% \V 1' 
Patathton (15% W.P.] 

Sulphur (S) 

Kerbam (70% active ingredient) 
BHC (50% W.P.. 6% gamma) 
Chlordane (40%. W.P.) 


419 

20<> 

209 

1 1S6 

209 

52 
J5 


1949 1950, 1951, 1952, 1953 
1949 1950. 1951, 1952, 1953 
1949, 1950, 1951, 1952, 1953 
1949, 1950, — — — 
1949 1950 lOSt. 1952, 1953 
— 1950, 1951, 1952, 1953 
_ _ 1951, 1952, 1953 



Tab! e 2 —Average valves for spring and fall concentrations of pesticides 
IN SOIL (results in r im— air pry basis) 



Year of analysis 


Arsenic(As) 


DDl 


P.ir.»lhion 


P.HC 


Chlnrdane 


1954 
1955 
1956 
1957 
1958 


126 
157 
149 
151 

127 


lift 

12(. 

114 

96 

76 


o - n 

0.29 
0.29 
0.14 
0.09 


10.8 

10.3 

7.9 

5.3 

5.1 


1.80 
1.01 

1 43 
0.45 
0.34 
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Tahl.e 3.— Effi-xt OF PESTICIDES ON' CROP VIKLim 
(AVERAGE YIELDS OF FOUR RLiPUCATliS— FOUNDS WR I LOT 1 





Ye.nr 






Pesticides applied !91<M953 






Crop 


Arsenic 


nor 


Parathion 


Sulphur 


Ferb.im 


BIIC 


( hlor. 1 
danc 


C hfcji 


Beans 


1954 
19SS 

1956 
1957 
1958 


4.3" 
1.8" 
1.4** 
3.0" 

a. 5" 


2.2** 
1.4" 

1.5" 
2.3** 
0.9" 


7.0 
5.0 
3.4 
7.7 
5.6 


5.3* 

i.5" 

1.4** 

7.7 
5.6 


6.8 
4 3 
3.4 
7.9 
5.1 


5.9 
4.7 
3-7 
7.9 
S.4 


6.5 
4.1 
3.0 

7.7 
5.5 


6.8 
4.6 
3.1 

8 

4.8 


Turnips 


1954 


36.5" 


28.0 


26.1 


13.5 


34.1" 


35. 5** 


24.0 


20.6 


Carrots 


1955 


9.7" 


8.S" 


11.7 


0.0" 


12.5 


11.4 


14.1 


14.1 


Tomatoes 


1957 


96,1" 


22.2" 


131.4 


125.4 


135.1 


122.5 


131.7 


127.1 


Peas 


1958 


3.2" 


4.3" 


6,6 


7.2 


6.8 


6.7 


6.0 


6.4 



•Differ Jipilficantlv from clieck. »t P - 0.05 
••Differ iltnlficaiuly ftom check UP - 0.01 



Crop yields 

The average yields are presented in Table 3. 

Yields of the test crops, with the exception of turnips in 1954, were 
lower on the arsenic- and DDT-treated plots. The significantly higher 
yield of turnips on some plots was probably not due to a direct effect of the 
treatments. The chemicals may have reduced the turnip maggot infestation, 
although this was not definitely established. Foster (5) reported that most 
vegetable crops are sensitive to arsenic and that toxicity slowly decreased 
over many years. However, deeply rooted trees arc apparently little affected 
hy accumulations of arsenic at the cultivation depth. Ginshurg and Reed 
(6) found that high concentrations of DDT in the soil were detrimental to 
the growth of squash, snap beans, and some varieties of rye. Acklcy et al. 
(I) reported concentrations of DDT as high as 81 p.p.m. in orchard soils 
and concluded that although the compound, beyond certain minimum 
concentrations, is toxic to plants, apple trees appear to be very tolerant to 
DDT in the soil. 

The residual effects of the sulphur treatments were detrimental to 
beans in 1954, 1955. and 1956, and to carrots in 1955. The norma! crop 
yields on the sulphur-treated plots in 1957 and 1958 reflect the lime treat- 
ments applied in the fall of 1956 and 1957. With the exception of the turnip 
crop, in 1954 yields on the parathion, ferbam-, BHC-, and chlordane- 
treated plots were not significantly different from those on the check. 

Pesticide Content of Crops 

Chemical analyses of plants grown in 1958 on soils treated with 
arsenic and on untreated soil are presented in Table 4. The results show 
the higher concentrations in the crops grown on the treated plots 5 years 
alter treatments were discontinued, and also the distribution of arsenic 
in the plants. An examination of the carrot crop grown in 1955 to determine 
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Table 4.- Arsenic content of plants — 1958 
(results in p.pjf. as— fresh wi kjht basis) 



Crop 



Peas 



IV: 



I'lint part 



Seeds 
Pods 

Vines 

Seeds 

I'ods 
i.c.u es 



("heck plots 



0.01 
0.05 

12 

n 01 
0.27 

0.21 



Arsenic plots 



0.18 
fl.M 
i:U 

0.07 



the degree of translocation <>l' the pesticides showed concentrations in tJie 
roots as follows: arsenic (As), 0.40 [>.p.ni.; DDT, ,\.M p.p.m.; IUK", 
0.'>4 p.p.m.; pa ruth ion, 01 p.p.m. The 1>IVT atu! p.nailiion residues 
were located only on or in the surface scrapings of the roots: arsenic and 
BHC were found throughout the roots. HI It' caused ml -flavours in the 
carrots. 

Effects of Pesticules on the Chemical Composition of the Soil 

Results of chemical analyses ol soil samples indicated that, with the 
exception of sulphur, applications ol the various pesticides did not affect 
soil reaction, levels of exchangeable cations, nr available phosphorus. 
In 1054, 1955, and 1056 soil acidity was significantly higher and exchange- 
able calcium and magnesium significant tj lower in the sulphur-treated 
plots than in the checks. 

There was a decrease in soil acidity and an increase in exchangeable 
calcium and magnesium in all plots as a result of the applications of dolo- 
mitic limestone in t*>56 and 1<>57. However, in 1<>57 and 1958 differences 
between the sulphur-treated plots and the checks were still significant with 
respect to exchangeable calcium. 
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LONG-TERM PERSISTENCE OF BHC. DOT AND CHLORDANE IN A 

SANDY LOAM SOIL 

D. K. R. STEWART and D. CHISHOLM 

Research Station, Canada Department oj Agriculture, Kent vide. Nova Scotia. 
Contribution no. I HI, received Mareh 9, 1971, accepted Aiiswxt J, 197!. 

ABSTRACT 

Residues of technical BHC, DDT and chlor- The beta isomer was the most persistent. DDT 

dane present in ;i sandy loam soil in Nova residues consisted chiefly of p,p'-DDT, 0,p'- 

Scotia 15 years after the last application were DDT and p,p'-DDE. Residues in chlordane - 

7.5. 55 and Ih'J . respectively, of the amounts treated plots were principally alpha- and 

applied. K1K residues consisted of the alpha-, gamnia-chlordanc. There was little downward 

beta-, gamma- and delta-isorners at relative or lateral movement o<i these insecticides in 

percentages of 36, .H>. ift and 12. respectively, the suit in IS years. 

INTRODUCTION 

Field plots were established at Kentville in 1949 to study the long-term persistence 
of pesticides in soil and their effects on plant growth (Chisholm et at., 1955; 
MacPhce vt ai., 1960). Recently, with the acquisition of new equipment, it was 
possible to analyze these soils by gas chromatographic methods and determine 
both the isomers and breakdown products of the applied insecticides which were 
not detectable by colorimetric and titrimetric procedures. This paper repot 
the residues of BHC, DDT and chlordaae found 15 years after the last application. 

MATERIALS \M> METHODS 

Pesticide plots were established on Berwick sandy loam (Chisholm ct ai, J955). 
Individual plots were 3.97 X 4.88 m and were separated by 1.53-m cultivated snips. 
The experimental design was a randomized block with four replications. 

The insecticides, BHC. DDT and chlordane, were applied once annually in 
late May or early June before planting (.Table 1). They were added to the 
surface of the plots in water suspension and then thoroughly incorporated into 
the soil to a depth of 15.2 cm with a rotovator. Each year from 1949 to the 
present the plots have been cultivated, and one or mote of the following crops: 
beans, peas, oats, carrots, turnips, tomatoes, were grown. A 6-12-6 or 6-12-12 
fertilizer was applied each year at 1120 kg ha. Dolomitic limestone was applied 
at 5600 kg ha in 1956 and at 2240 kg ha in 1957. 

On November 18, 1968, nine soil cores, 2.5 cm in diameter and 40,6 cm in 
length, were taken from each BHC, DDT and chlordane plot, divided into the 0-10, 
10-20. 20-30 and 30-40 cm depths. The appropriate depths from each plot 
were pooled, air dried at room temperature and stored at 33 C. 

Table I, Insecticide .treatments applied to plot;) 





Years 
applied 


formulation 


Active 


iilKrc liriii 


Treatment 


kg/ha/yr 


ppin 15.2 cm 
ha >r 


BHC 
DDT 
Chlordane 


1051) 5.1 
IOIQ S.t 
1951 Si 


IVP 

.=.(!', U 1' 

■in' ; u ■[■ 


>9 

117 
1 1 




! i 

5J 
5 



Can. 1. Soil Set. SI: .V79-38J (Oct. 1971) 
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Insecticide residues were extracted from soil samples with hexanc/aeetone 
(1:1 v vi in Soxhtcl extractors. The glass extinction thimble was Pyrex, *J0 mm 
long x 35 mm diameter, fitted with an "i-xtra Coarse" frilled glass disc. A 
37-mm-diametcr glass liber filter paper was placed on the disc, then a layer of 
3 -mm glass beads, a 10.0-g soil sample previously moistened wilh I ml water, and 
a small pad of Pyrex glass wool. The sample was extracted with 300 ml solvent 
for 5 hours. Extracts were evaporated to dryness on a water bath at 40 C with 
a rotary evaporator, the residue redissolvcd in 10.0 ml hexane acetone (1:1 ) and 
stored in the refrigerator. 

A Micro Tek 200 gas chromatograph titled with an electron-capture detector 
containing a 10 mc '"'Ni ionization source and operated al a potential of 20 volts 
was used. The column used was 1.83 m x 0.64 cm Pyrex glass packed with 3'. 
OV-17 on Gas-Chrom Q 100 120 mesh. Scavenger gas was purified nitrogen 
at 20 ce min. Attenuation was usually 10 ■ 64 and detector temperature 275 C. 
Column temperatures tor BHC, DDT and chlordane were 170, 190 and 185 C, 
respectively. Carrier gas flows were 65 cc min, 65 ce nun. and 80 cc mm 
nitrogen, respectively. 

Standard curves were prepared daily, for DDT and chlordane by plotting 
peak areas versus insecticide concentration and for BHC isomers by plotting peak 
heights versus concentration. 

RESULTS AM) DISCUSSION 
BHC 

Gas chromatography of soil extracts from BHC-lreated plots showed the presence 
of four compounds corresponding to ihe alpha-, beta-, gamma- and delta-isomers 
of hexachlorocyclohexane (BHC). The identities of the four peaks were con- 
firmed by gas chromatography on QF-1 and DC-200 columns and by thin-layer 
chromatography. Most of the BHC residues were in the 0-10 cm and 10-20 cm 
depths, wilh approximately equal concentrations at each depth, lielow the 20-cm 
depth there was little BHC present (Table 2), indicating that leaching since the 
last pesticide application in 1953 had caused little downward movement of BHC 
Analyses of soil samples taken outside the plot perimeters showed a small lateral 
movement of residues in the surface layers. This was attributed to cultivation, 
The isomeric composition of the BHC soil residues in I 90s was considerably 
different (Table 3) from that reported for technical grade BHC (Ramsey and 
Palterson, 1946. Pennington and Meloan, 1967). The beta-isomer was the most 
persistent: 44'; of (hat applied in 1950-1953 remained in the soil 15 years after 

Table 2. Distribution of BHC isomers in 1968 in plots which received a total of 53 ppm technical 

BHC cturiiiK 1950 1953 inclusive 



Isomer, ppm* 



Depth (cm) Alpha Gainm.i Beta Delta 



0-10 


I) K<H i; 17 


0, tlrtO H9 


i u-±n ti.s 


0.38±0 05 


l» 20 


! D9±0.30 


(I 5J±U 13 


0.85-tn u 


0.39±0 09 


20 30 


0. 17=4=0.13 


1) OSiO.Oo 


■> i! : ,< lit 


(i.m i- 1! ii' 


30 40 


trl 


tr 


lr 


tr 



•M.-.iii- ..f :.:!. replications with starulanl errors, 
tli ice. 



I 

I 
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table 3, Composition of HIK residues in 19b8 compared with composition of material applied 

I9S0-1953 



' ,' of applied 
imposition ''.' Composition BHC BHC isomer 

BHC isomer technical T1HC soil residues, 1968 retraining- in 1968 

Alpha 70 I 

Beta 6 M> I I 

Gamma 12 16 10 

Delta 6 1' 11 

the last application. The alpha-isomer was the least persistent, although it was 
the most abundant isomer in technical BHC. Of the technical BHC applied to 
plots in 1950-1953, 7.5% (as the alpha-, beta-, gamma- and delta-isomers) re- 
mained in the soil in 1968. Analysis of BHC residues in these plots in 1 958 
(Chisholm, 1958, unpublished data I by a total chloride titrimetric method indicated 
lhai about 109S of the original applications remained then. 

Nash and Woolson (1967) reported that in plots at Beltsvjlle, Maryland, 
10% of the applied BHC (as the alpha-, beta- and gamma-isomers) remained in 
a sandy loam soil 14 years after single applications at 25 and 100 ppm. Th sc 
workers reported that BHC disappearance was a geometric function of lime. BHC 
having a hall-life of 2 years. The climate at Beltsville is warmer than at Keni- 
ville, which would tend to increase the loss of BHC 1 bv volatilization. However, 
their plots were not cultivated yearly, which would reduce the loss of BHC by 
volatilization. The value for residual BHC in the present investigation is thus in 
reasonably good agreement with theirs. 

DDT 

Analysis of extracts from the 1968 soil samples by gas-liquid chromatography 
showed the chief residues to be p.p'-DDT and o,p' -DDT, the principal constituents 
of technical DDT (Table 4), In addition, there were smaller amounts of p.p'-DDE 
and traces of o,p'-DDE and p,p'-DDD. These findings were confirmed bv thin- 
layer chromatography (Thomas el al.. 1968), As with BHC, little DDT was found 
below the 20-cm depth and no lateral movement except a small amount due to 
cultivation was noted. 

Since a sample of the applied DDT was not available for analysis, it was 
difficult to draw conclusions about the relative persistence of o.p'-DDT and p.p'- 
DDT. Technical DDT is said to contain up to 30% of the ^.//-isomer (Spencer, 

Table 4. Distribution ol DDT residues in 1968 in plots which had received a total of 262 ppin 
technical DDT during 1949 195.!, inclusive 









Compound, ppm* 




Depth (cm) 




p.p'-DDK 


e,/>'-DIM 


f.p'-DDT 


lit 
10 20 
20 30 

30-40 




6.5±i) .< 

4.3±0.9 

l.2±0.3 

irt 


I6.2±0.7 

M.<>±2.9 

3.7±0.<> 

tr 


"Sill 
83± 4 
1»± .4 

ir 


*Mpan* nf four replications 
fTrace. 


with 


standard error*. 







I 
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1968). It has been noted in a one-season experiment that o,//-DDT disappears 
from soil faster than the /», //-isomer (Sheets et ai, 1969). In the present investi- 
gation the relative percentage of the w.p'-isomer remaining in 1968 was 15, 
indicating that this isomer had disappeared faster, assuming that the initial pro- 
portions were 70% p,/>'-DDT and 30 f f <>,//- DDT. The /).//-DDE is a de- 
compose ion product of the p.//-DDT originally added to the soil (Duffy and 
Wong, 1967). The trace amounts of o.p' -DDE present may indicate that little is 
formed from o.p'-DDT in soil, or thai o,p'-DDE is less stable in soil than p,p'-DDE. 

The small amount of />.//-DDD present in the soil was probably a component 
of the applied technical DDT. although p.p'-DDD has been reported to be a meta- 
bolite of p,p'-DDT under anaerobic conditions (Ko and Lockwood, 1968). 

Of the applied technical DDT, 55% (as o,p'-DDT, //,//-DD I and p,p*-DDE | 
remained 15 years after the last application. Nash and Woolson (1967) reported 
an average of 39'', DDT persisting after 17 years in three soils at Beltsville, 
Maryland. 

Chlordane 

Gas chromatography of extracts from ehloidanc-treated plots revealed fewer com- 
pounds than in technical chlordaae, and presumably the more volatile and less 
stable compounds held disappeared. No sample of the techi ical grade chlord. un- 
applied was available for analysis, but two standard samples manufactured aboul 
1951 and 1966 were compared by gas chromatography and found to be of 
almost identical composition. It can therefore be assumed that the material 
applied to the plots was very similar if not identical to present-day chlordane. 
Technical chlordane consists of about 9< i heptachlor (Saha et at., 19b8) and 60 
to 75% apha- plus gamma-chlordanc (Spencer. 1968). Saha and Lee (1969) 
have identitied a number of other components. 

After 15 years, alpha- and gamma-chlordanc still formed the major portion 
of the soil residues. Heptachlor epoxide was noted as a minor component. 
Heptachlor had disappeared, as well as a few minor unidentified components. 

Since the compounds missing from the weathered residues represented a minor 
proportion of the whole, it was decided as a working basis to express the soil 
residues as ppm chlordane by comparison with standard curves prepared from a 
standard sample of technical-grade chlordane. 

As with HHC and DDT, most of the chlordane residues were found in (he 
0-10 cm and 10-20 cm depths (Table 5). There was little downward or lateral 
movement of this insecticide. Approximately 16% of the initial applications 
remained in the plots. 

T;il 1 1«- 5. Chlrmlanc residues in 1968 in plots which received a total of 15 ppm technical chlordaiie 

during I'i.SI 1953, inclusive 



Depth (cm) Chlordane, ppm* 



It 111 


t.UOJ 


10 20 


1,4±IM 


20 3(1 


0.3±<).l 


30 10 


trf 



•Means of four replication* with standard errors. 

tTr.u ft 
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Nash and Woolson (1967) reported that 40% of the applied chlordane 
remained 14 years after single applications of 100 and 50 ppm. Their higher 
rates of application would tend lo give higher persistencies, as would their less 
intensive cropping. 
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